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Abstract
The OrionA giant molecular cloud harbors one of the closest regions of massive star for-
mation at a distance of about 400 parsecs and a rich population of young stellar objects
(YSOs) and protostars, mostly associated with the molecular cloud. OrionA includes the
famous Orion Nebula M42, the Orion Nebula Cluster (ONC) and the low-mass star form-
ing region Lynds 1641 (L1641). OrionA was already subject to many scientific studies and
belongs to the huge Orion molecular cloud complex and because of its vicinity to Earth
it is one of the most favorable star forming regions to derive theories of star-formation
and pre-main sequence evolution. Young stars can be detected in the infrared because
they are still embedded in their parental molecular gas, and are surrounded by disks and
envelopes from which they formed which absorbs and re-emits stellar radiation at infrared
wavelengths.
The aims of this thesis are 1) to make a complete census of YSOs in OrionA, to catalog
previously unknown YSOs, and 2) to determine the spatial distribution of YSOs in OrionA
in a wide field, and for the first time in a global and uniform manner. I make use of infrared
data from 3 to 22 µm from the Wide-field Infrared Survey Explorer (WISE ) Preliminary
Release Catalog which already covers OrionA and the chosen control field. I selected a
region of ∼36.7 deg2 in the sky around OrionA and a control field of the same size which
lies at the same galactic latitude as the science field. This is possible for the first time and
will guarantee a proper understanding of the unrelated background population, needed
to define the YSO population. By plotting color-color diagrams and using the control
field as reference I made selections for possible YSO candidates. Additional photometry
from 2MASS and Spitzer MIPS1 at 24µm combined with WISE were used to identify
the YSOs. Finally I selected 1687 YSO candidates of which 686 are not yet cataloged in
the astronomical online database SIMBAD. I find that a significant number of SIMBAD
cataloged sources are likely to be misclassified.
With this catalog of new YSO candidates in OrionA I contribute to the ongoing research
of the understanding how stars form from molecular clouds, in particular in this important
region as it is the closest star forming region to Earth still forming massive stars and
clusters. Further investigations should be done to confirm this catalog of YSO candidates,
namely 1) compilation of spectral energy distributions, 2) obtaining intermediate resolution
spectra and derive spectral types, and 3) obtaining high resolution spectra to derive radial
velocities of the brighter candidates. The latter will provide important clues on the early
dynamics of the Orion A young stellar population.
III

Chapter 1
Introduction
1.1 Molecular Clouds
Molecular clouds are cold and dark places in the interstellar medium (ISM) and also the
densest component containing 50% of the total ISM (Stahler & Palla 2006). William
Herschel was one of the first to observe them in the late 18th century but by thinking they
are holes in the sky. Only Edward Emerson Barnard first suggested in 1919 that these dark
places are actually obscuring objects which are nearer to us than distant stars (Bergin &
Tafalla 2007). But they became even more interesting in 1946 when Bart J. Bok recognized
that this dark clouds are actually the birthplaces of stars. Therefore dense cores are also
referred to as “Bok Globules”. Hence molecular clouds are the nurseries of young stars.
Also our sun was once born out of condensed material inside a molecular cloud. So that is
where we come from.
Molecular clouds are composed of molecular gas and dust with a gas to dust ratio of
about 100. At extinctions AV larger than ∼0.5 magnitudes1 most of the hydrogen is in
molecular form. The dust component of the cloud blocks the visible light of stars which
might lie inside or behind them whereby the absorption becomes very affective at visual
extinctions AV > 1 mag. But in the infrared and submillimeter wavelength region they get
transparent. The dust continuum of dark clouds could be mapped with radio telescopes
due to the thermal emission of cold dust (Bergin & Tafalla 2007). The molecular gas
component can be studied with molecular-line observations, wherebe it consists mostly of
molecular hydrogen (H2) (Weinreb et al. 1963). The first molecules were detected in the
late 1930’s by observing absorption lines in the spectra of background stars (Stahler &
Palla 2006). The research of molecules in space is called since then Astrochemistry. This
lines contain information about the velocity structure, density, temperature, and chemical
composition of the molecular gas (Bergin & Tafalla 2007).
Cold H2 remains almost invisible; because of the symmetry of the molecule it lacks a
permanent electric dipole momentum and the emission lines are hard to detect. H2 can
only exist inside the protection of the cold cloud because the background radiation or the
radiation of a nearby star would destroy the molecules by photodissociation. As a tracer for
H2 other molecules can be used e.g. carbon monoxide (CO) which is 104 times less abundant
than H2. It is a very robust molecule and inside the cloud all carbon is locked in CO
(Stahler & Palla (2006)). Molecules emit in the millimeter and submillimeter wavelength
range whereby each molecule has a certain dipole momentum and multiple observable
lines depending on different properties because the rotational line transition (rotational
quantum number J) depends on the temperature and density of the surrounding gas. CO
1This means the visual light seems to be less luminous by the amount of 0.5 magnitudes.
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can be observed e.g. at 2.6 mm which is the lowest rotational transition to the ground state
(J = 1→ 0) with an excitation temperature of 5 K. Also the velocity and magnetic fields
influence the line shape (Stahler & Palla 2006) whereby the velocity dispersion affects the
line width and the magnetic field strength can be measured by Zeeman splitting. The
rotational lines have low critical densities which is the one where the collisional rates
populating and depopulating a particular energy level are more dominant than radiative
rates (ncr < 104 cm−3) (Stahler & Palla 2006). Also CO isotopes like 12C18O or 13C16O are
useful to detect different density regions. 12CO is much more common because 12C is the
main isotope of carbon as a primary product of the 3-α process in the stellar nucleosynthesis
(Goto et al. 2003) and therefore 12CO is mostly of higher density and 13CO is optically
thinner.
Silicon monoxide (SiO) and crystalline silicates (SiO2) could be tracers for star forma-
tion. SiO is thought to be a by-product of slow shocks produced by outflows of young
stars. Crystalline silicates are likely transported by radial mixing (convection) from the
inner to the outer regions of the gas and dust disk around young stars (Beckwith et al.
2000). They are often observed as infrared emission features around circumstellar disks
(Poteet et al. 2011).
The cloud shapes on large scales are irregular and filamentary, dominated by super-
sonic turbulences and they extend over several parsecs2. A typical pattern is often observed
where a cloud contains two or three long filaments, either parallel or convergent at a low
angle into a massive condensation which often is an active star-forming site (Tachihara
et al. 2002; Burkert & Hartmann 2004) whereby some long rather cold filaments show
rather coherent velocity fields (Loren 1989). The long filamentary structure and the ve-
locity coherence suggest that both are intrinsic to the cloud structure (Bergin & Tafalla
2007). Star-formation would rather produce a small-scale more chaotic mass distribution.
Therefore the initial conditions seem to be more important for the overall image of a cloud.
On smaller scales there could be found clumps with diameters of about 1 parsec. They
contain most of the mass of the whole cloud (Stahler & Palla 2006). Clumps could host
subsonic cores which are about 10 times smaller. These cores are the eventual precursors
of stars (Bergin & Tafalla 2007). If there are more cores in one clump a star cluster can
be formed.
The majority of the formed stars are low-mass stars mostly of spectral type K or M.
Nevertheless the less common O and B stars dominate the appearance of massive star
forming regions in the visible light, the so called OB associations. Therefore molecular
clouds are distinguished between low-mass and high-mass star forming regions. The Orion
Giant Molecular Cloud (GMC) complex is a famous example for a high-mass star forming
region. Some examples for low-mass star forming regions are the Taurus, Perseus and
Ophiuchus molecular clouds. OB associations are groups of 10 to a few 100 luminous O
and B stars which could be scattered across several 100 parsecs whereby the members have
roughly the same age and formed from the same interstellar cloud in the past few million
years (Stahler & Palla 2006). The observations of the shining and beautiful structures
of molecular clouds are only possible because of this nearby massive stars which produce
reflection nebulae and so called HII regions. Also the strong stellar winds produced by them
form the appearance of the cloud in their vicinity. HII regions are regions with only one
to several parsecs in diameter with low density in which the hydrogen is ionized by nearby
young luminous O and B stars (Stahler & Palla 2006). The size of an HII region is known
as the Strömgren sphere (Strömgren 1939). The emitted strong UV radiation of these stars
induces the photoionization whereby the medium has a temperature of about 8000K. This
21 parsec (pc) ' 3.262 lightyears (ly) ' 206,265 Astronomical Units (AU)
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could be observed by the Hα emission line at 6562.8 Å. The Orion Nebula, often referred
to as M42 or NCG 1976, is the first known HII region, observed by Nicolas-Claude Fabri
de Peiresc in 1610.
1.2 Young Stellar Objects
To understand how stars form is not only import in astrophysical terms but it is also
intrinsically related to the formation of planets. The current theories support that stars
are born by a gravitational collapse of a core inside a molecular cloud as already discussed.
This is the so called nebular hypothesis which is the current model of star formation.
Emanuel Swedenborg is supposed to be the first to propose the hypothesis already in 1734
(Baker 1983). The knowledge of star formation ranges from the formation of a single stellar
and planetary system to the formation of star clusters. Further it is the understanding
of the evolution of entire galaxies. Star formation is an ongoing process in galaxies like
our own Milkyway. The circuit of birth and death applies also for stellar objects, because
when stars die they give back their enriched material to the interstellar medium (ISM)
either by supernova (SN) explosions if they were very massive (> 8 M), or they lose their
atmosphere due to strong stellar winds when they are at the end of their lives. Stars mainly
form inside giant molecular clouds (GMC) which are composed of material of previous stars,
so their composition depends on the stellar history of the surrounding ISM.
It is also assumed that most stars form in clusters due to several observational evidences
(Lada & Lada 2003; Carpenter 2000; Allen et al. 2007) which means they do not grow up
alone and form from the same molecular clump. More massive stars (O or B stars) might
form earlier in a GMC and due to their strong UV radiation they form HII regions and
blow away the material which is left surrounding them and that condenses the nearby ISM
which could trigger the formation of other low-mass stars. O-type stars eventually end in
a SN explosions which are influencing the interstellar surroundings even more violently.
Previous studies (e.g. Lada & Wilking 1984; Lada 1987; Lada et al. 2006) confirmed
that protostars are still surrounded by a circumstellar disk of dense gas and dust, so called
protoplanetary disks, because these disks are the potential birthplaces of planets. They are
the remainings of the parental cloud out of which the star was born. If the protoplanetary
disks are externally illuminated they start to photo-evaporate and are called proplyds
(PROtoPLanatarY Disk) which could be observed in the optical.
As already discussed in Section 1.1 the clumps inside molecular clouds could harbor
prestellar dense cores. They are undergoing a gravitational collapse until they become
protostars whereby the collapse starts when the cloud is departing from an equilibrium
state and proceeds until the gas becomes optically thick and the radiating cooling time is
longer than the free-fall time (Spitzer 1998; Teixeira 2008). The final process leading to
the collapse of a cloud can be described theoretically by the Jeans instability, which occurs
when the internal gas pressure can no longer prevent the self-gravitational collapse of a
dense core (Stahler & Palla 2006). It can be calculated by the Jeans-Length or -Radius
RJ or the Jeans-Mass MJ which are derived by comparing the gravitational potential and
the internal energy of a prestellar core. If the prestellar core with a given temperature
T and density ρ of the material is larger than the Jeans-Length it becomes theoretically
unstable to a gravitational collapse whereby the free-fall timescale should be much lower
than the sound-crossing time. The free-fall phase is also called the Hayashi-phase, an
almost vertically line in the Hertzsprung-Russell diagram (HRD), where only the luminosity
decreases whereby the temperature stays approximately the same.
Young stellar objects (YSOs) or protostars are still in the pre-main-sequence (PMS)
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phase and appear right to the main-sequence in the HRD. This means they are still accret-
ing material and gaining mass whereby they are undergoing high variabilities until they
reach the zero-age main-sequence (ZAMS). The young newly formed stars are so called
T Tauri Stars (TTau*) or Herbig Ae/Be (HAeBe) stars whereby the difference depends on
the mass. T Tauri Stars are low-mass stars with less than 2 M, mainly of the spectral
types M, K, G and sometimes F (Stahler & Palla 2006; Preibisch 2012). HAeBe stars are
of intermediate-mass (< 8 M) with spectral types earlier than F0, therefore A or B but
with Balmer emission lines in the spectra (Perez & Grady 1997). They can illuminate their
surroundings and create bright reflection nebulae. Both types produce infrared radiation
excess due to the circumstellar dust. Another type of intermediate-mass YSO’s are FU
Orionis stars which have spectral classes from F to G and Teff from about 6000 - 7000
K (Stahler & Palla 2006). Their characteristics are periodic optical outbursts of several
magnitudes with rising timescales of about 1 yr and decline timescales of 50 to 100 yr. It is
assumed that these outbursts are the results of episodic increased mass accretion rates from
the disk which could be related to dynamical (magneto-rotational) instabilities (see also
Hartmann 1998). More massive stars with more than 8 M are not observed in the PMS
phase because they form so quickly that when they become visible they already burned the
hydrogen in their center. They clean their surroundings earlier in their lives but also reach
the ZAMS in much shorter times. This can be explained by the different initial conditions
whereby massive stars form out of massive clouds which leads to much larger gravitational
forces and higher densities. Only the BN/KL region in the Orion Molecular Cloud 1 (OMC-
1) directly behind the Orion Nebula shows signs of recent star formation of massive stars
(Bally et al. 2011). This region contains an explosive Becklin-Neugebauer/Kleinman-Low
outflow (BN/KL) and it contains the Becklin-Neugebauer (BN) Object, which is the first
massive YSO discovered in the infrared (Becklin & Neugebauer 1967; Scoville et al. 1983)
(further discussion see § 2.1.1). Still, high-mass young O-stars could be used as tracers for
extragalactic star forming regions.
1.2.1 Classification & Protoplanetary Disks
Protoplanetary disks are the remaining gas and dust of the dense cloud out of which the
star in its center formed. They are forming and rotating around their star due to the
conservation of the angular momentum from the former prestellar cloud (Preibisch 2012).
Depending on the density and angle of the disk the UV and Visual light of the star is
more or less blocked by the dust grains and the observed infrared excess is dominated by
the thermal dust emission. This could be studied with spectral energy distribution (SED)
curves or in color-color and color-magnitude diagrams which show specific color spaces for
this objects.
There are three classes defined according to the slope α of the SED curves which is
departing between the near- and mid-infrared from the blackbody curve when there is an
infrared excess due to a circumstellar disk (see Figure 1.1). The empirical classification
scheme was developed by Lada & Wilking (1984) and Lada (1987) who distinguished
between protostellar and pre-main sequence (PMS) star forming stages, called Class I,
Class II and Class III. André et al. (1993) suggested also an earlier stage calling them
Class 0 sources. Figure 1.1 shows an overview of the observational properties of the different
classes.
The observed excess depends on different properties of the disk like the density, the
angle, if theres an inner hole and if the star is still accreting matter from the disk. The
classification is also an indicator for the age of YSOs. Very young stars are still embedded
or surrounded by thick disks and older ones have only remnants left. The age distribution
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of YSOs is important to study the star formation history and if star formation is a slow or
fast process (Preibisch 2012).
Prestellar cores are of the size of several 10 AU Stahler & Palla (2006). To form a
star an increase in density by 20 orders of magnitude an in temperature by 6 orders of
magnitude is necessary.
• CLASS 0 sources are proto-stars which are still deep inside their parental dust shell
and they could still be in their collapse phase. So they can not even be observed
in the mid-infrared (MIR) because they are surrounded by very dense gas from the
prestellar core. They have single-peaked SED curves in the far infrared which are
blackbody curves that comprise the pre-processed stellar radiation which is re-emitted
by the gas and dust shell. But submillimeter observations like by André et al. (1993)
revealed a possible protostar (VLA 1623) inside a dense core whereby also outflows
were observed. First they would form very thick torus-like disks and within only
about 100,000 years they flatten and become Class I sources (Preibisch 2012). Palla
& Stahler (1999) define the moment when the star becomes observable in the infrared
as the “birth” of the star.
• CLASS I protostars are YSOs with still thick disks where the envelope of gas is
still accreting in high rates onto the surface of the star. Their SED curves are now
a combination of the stellar photosphere and the excess of the disk and is therefore
rising upward with α > 0, sometimes already from the J-band on (∼ 1.25µm) and
peaks at far-infrared wavelengths (Preibisch 2012) whereby it is of a double-peaked
structure Stahler & Palla (2006). They could also be observed in combination with
jets produced by the on-falling material (see below). This phase could take up to
5× 105 yr.
• CLASS II stars are YSOs already in the Pre-Main Sequence (PMS) phase with still
optically thick but flattened circumstellar disks whereby the star has already ∼90%
of its final mass and accretes now at a much lower rate (Preibisch 2012). Lada et al.
(2006) also calls this disks anemic disks. Their SED curves are flat or descending
in the near-infrared (NIR) but are still well above the blackbody-curve with a slope
between −2 < α < 0 . The excess starts weakly at about 2µm and the peak comes
from the blackbody curve of the star. These are already developed protostars in
the classical T-Tauri stage (Classical T-Tauri Star - CTTS) (see Fig. 1.2) and the
young star is now visible in the optical but depending on the angle of the disk,
e.g. edge-on disks can obscure also Class II stars in the optical. The accretion in
this stage produces strong emission lines primarily the Hα-emission line. This can
be explained by the on-falling material from the accreting disk on to the stellar
surface which produces a hot spot where the material hits the star which produces
the emission lines. These stars could have already ages of up to 106 yr.
• CLASS III stars have only disk remnants left, so called debris disks by Lada et al.
(2006) which have only a dust component and consist also of planetesimals (Preibisch
2012). Hence they show only as significant excess at longer wavelengths from 10 to
20 µm on and the slope of the SED curve is α < −2 . Also transition disks like the
ones mentioned in Koenig et al. (2012) could be classified as CLASS III stars. They
are characterized by an inner hole, a wide gab between the star and the inner edge
of the disk. It could be formed by photo-evaporation from the host-star or due to
the formation of planets or brown dwarfs in the inner regions. CLASS III stars are
already very similar to “normal” observable photospheres, also in the near infrared
6 CHAPTER 1. INTRODUCTION
Figure 1.1: Illustration of the different evolutionary phases of YSOs from pre-stellar cores over protostars
to Classical T Tauri Stars (CTTS) and finally Weak-line T Tauri Stars (WTTS). The observable blackbody
curve and infrared excess is shown in the SEDs on the left side. It has to be noted that the given timescales
on the right depend on the initial mass of the core. Figure taken from Teixeira (2008).
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but still they are young, for low-mass stars at most about 10 Myr old (Briceño et al.
2007). They are also called weak-line T Tauri stars (WTTS), because of the very
low accretion rate at this stage they have very weak emission lines (Preibisch 2012).
With a constant mass they finally evolve along the PMS until they reach the Zero-Age
Main-Sequence (ZAMS) (Preibisch 2012).
In Figure 1.2 an illustration by Preibisch (2012) is shown of a circumstellar disk around
a classical T Tauri star (CTTS). The dust-sublimation radius (Rsub) gives the distance to
the star were its radiation is weak enough to provide a cool surrounding so that the dust
grains stay in the solid phase. Therefore there exists a dust-free-zone which is transparent
to the starlight. Except stars with very high accretion rates seem to have an optically thick
inner gaseous disk (e.g. Kraus et al. 2008; Dullemond & Monnier 2010).
Figure 1.2: Illustration of a circumstellar disk around a solar-mass YSO in the classical T Tauri stage by
Preibisch (2012). It shows the structure in the inner regions. The typical sizes are given with: R∗ ∼ 2R,
Rcorot ∼ 3− 10R∗ and Rsub ∼ 0.1AU or ∼ 10R∗.
So stars become “grown-ups” when they reach the main-sequence. For solar mass stars
the PMS phase could last about 30 Myr and for low mass stars up to 100 Myr (Preibisch
2012). Comparing this with the total lifetime of high-mass stars of less then 5 Myr, low-
mass stars are still in their evolutionary phase when the very massive stars are already at
the end of their lives.
The disk is finally dispersed either by accretion, due to jets or outflows, some fraction
might compound to planets but mainly the gas and dust is dispersed by photo-evaporation
from the central star which emits UV and X-ray radiation (Preibisch 2012; Ercolano et al.
2009). The coronal X-ray emission is a tracer for high stellar magnetic activities whereby
most of the X-ray emission is emitted during flares (Preibisch 2012), which are unpre-
dictable dramatic increases in brightness for a few minutes. They are produced by mag-
netic reconnection in the star’s atmosphere and contribute to the strong variabilities of
YSOs.
Another typical pattern which could be observed in star forming regions are Herbig-
Haro objects (HH-objects). HH-objects are produced by jets of gas from the circumstellar
disk which is ejected at high velocities by young stars. Herbig (1950, 1951) and Haro
(1952, 1953) were the first to observe them in the Taurus and Orion star-forming regions.
The process is not totally understood yet, but the jets likely powered by protostellar disk
accretion (Cabrit et al. 1990) and some authors suggest that it could be associated with
magnetic fields (Bonito et al. (2011)). They also carry away the excess angular momentum
which is spinning down the star (Stahler & Palla 2006). This jets eventually collide with the
surrounding clouds of gas and dust where they generate shocked material. This outflows
finally produces small nebulous shapes which are the HH-objects detectable by Hα and
other Balmer lines. They last only a few thousand years and their motion could sometimes
be seen in observations only some years apart. The jet itself shows strong emission lines
of H2 and CO from the warm molecular gas of about 1000 K. Various authors like Guedel
et al. (2011) observed that star-formation with outflows is sometimes combined with X-ray
emission which could be seen at the base of the jet (see also Bouvier et al. 2007).
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Because young stars often form inside molecular clouds their light might be additionally
reddened by the gas and dust which lies in the line of sight to the source, plus the thermal
emission from the disk and envelope. So they can be shifted along the reddening vector in
color-color and color-magnitude diagrams.
Even if it is hard to classify very faint or distant objects correctly one can at least
distinguish them from normal field stars which should have bluer SEDs. Though one has
to be careful with galaxies which could have similar SED curves or colors like YSOs.
All this properties suggest that YSOs must be variable objects. The accreting matter still
strongly influences the brightness of the star. This strong variability limits an accurate
age estimation (Preibisch 2012).
1.3 The Aim and outline of this thesis
The main goal of this thesis is to construct a new and more complete sample of YSOs in and
around OrionA and to compile previously unknown YSOs. The WISE satellite observed
in the mid-infrared (MIR) in four bands at 3.4, 4.6, 12 and 22 µm and covered the entire
sky which gives me the opportunity to investigate also the essentially unobserved regions
around the well studied nebulae of OrionA. So I try to determine the spatial distribution of
YSOs for this region in a wide field, and for the first time in a global and uniform manner.
Due to the All-Sky observations ofWISE I was able to select a control field of the same size
which lies at the same galactic latitude as the science field. This is also possible for the first
time and will guarantee a proper understanding of the unrelated background population,
which is needed to define the YSO population. For this thesis I use the WISE Preliminary
Release Data from April 14, 2011 which already covers OrionA and the chosen control
field.
In Chapter 2 I introduce the Orion region and especially OrionA. The data is presented
in Chapter 3 and how I selected science and control field. Further the WISE satellite will
be discussed in Section 3.1 and also the used ancillary data products from 2MASS and
Spitzer MIPS1. In Chapter 4 I describe the Methods whereby mainly color-color diagrams
are discussed. In Chapter 5 I present the results and how I made a selection for possible
YSO candidates by comparing certain color-color diagrams composed ofWISE colors using
the control field as reference. In Section 5.2.2 an additional selection is made with a
color-color diagram using the MIPS1 data and in Section 5.3 SIMBAD3 cataloged sources
are used to add some extra candidates. Finally I present the distribution of the found
candidates over-plotted on the dust extinction map from Lombardi et al. (2011) and on
WISE images (courtesy of Stefan Meingast). In Chapter 6 I discuss the results and present
some conclusions. The found YSO candidates will be plotted on different color-color and
color-magnitudes to compare different color-spaces.
Finally this thesis presents a catalog of newly identified YSO candidates in Appendix D.
Already cataloged stars are also listed and confirmed or identified as possible YSO candi-
dates.
3The SIMBAD astronomical database provides basic data, cross-identifications, bibliography and mea-
surements for astronomical objects outside the solar system (http://simbad.u-strasbg.fr/simbad/).
Chapter 2
Presentation of Orion
The Orion complex is one of the best studied star forming regions and also the nearest
which still produces low and high mass stars since about 100 Myr (Bally 2008). It harbors
the giant molecular clouds OrionA and OrionB which are well known and due to their
vicinity at a distance of about 400 parsecs and huge size many theories have been and still
could be derived from them like star formation and knowledge about young stellar objects,
cloud structure, Herbig-Haro objects, OB associations and HII regions.
The Orion-Eridanus superbubble, which is also called Orion’s Cloak, surrounds Orion
A and B and is partly visible by Hα emission in the east (Bally 2008) which is the so called
Barnard’s Loop (Fig. 2.1), the eastern part of the superbubble. Assuming a standard Initial
Mass Function (IMF), about 30 to 100 massive stars (> 8M), of which about 10 to 20
of the more massive ones have ended in SuperNova (SN) explosions, have created this
region in the past 12 million years (Bally 2008). This SN explosions have released high
kinetic energies over 1052ergs1 which created a large bubble with X-ray emitting gas. The
overlapping supernova remnants may be associated with the Orion OB1 association (see
below). The Orion-Eridanus superbubble is the closest to our local bubble, which contains
the sun, and it covers approximately a 600 to 800 square degree field in the sky.
The Orion Molecular Cloud Complex harbors also the Horsehead Nebula, the famous
Orion Nebula M42, several star clusters, the reflection nebula M78, and the Flame Nebula
which is induced by Alnitak (ζ Ori), the eastern most star of Orion’s Belt.
Orion contains some OB associations of different ages, also called Orion OB1 by Blaauw
(1964), which produce the famous and beautiful HII-regions and reflection nebulae. An
overview of Orion in the visual light is presented in Figure 2.1. Briceño et al. (2007) states
that the majority of stars in the Galaxy were born in OB associations. Blaauw (1964)
divided the Orion OB1 association into four subgroups (OB1a/b/c/d) with different ages
which are partially superimposed along the line-of-sight. The different regions are also
well described in Bally (2008), Muench et al. (2008), O’Dell et al. (2008) and Peterson &
Megeath (2008) whereby the latter three focused on the regions around the Orion Nebula
(Figure 2.2).
North to Blaauw’s subgroups lies λ Orionis which is an O8 III giant star at the center
of an relatively spherical symmetric HII region, which can be seen in Figure 2.1 as a red
ring labeled as Lambda Ori. The luminous star is a member of the up to 5 Myr old
λ-Orionis association (Collinder 69) in a star forming region at a distance of about 400
parsecs (Mathieu 2008; Bally 2008). At the border of the HII region lies a 30 parsec ring of
expanding cool dust which could be explained by a previous SN explosion (Mathieu 2008;
Murdin & Penston 1977).
11 ergs = 1 g·cm2/s2 = 10−7 Joule = 624.15 GeV
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The OB1a subgroup is supposed to be the oldest group with 8 to 12 Myr (Blaauw
1991; Brown et al. 1994) and at a distance of about 350 parsecs (Bally 2008). It is located
northwest to the belt, near to δ Ori (Mintaka) and stretches almost as far as to the location
of Bellatrix (γ Ori) whereby Bellatrix is not counted to the members of the Orion complex.
The OB1b subgroup is estimated between 2-8 Myr at a distance of about 400 parsecs
and is located around the belt stars which are members of this subgroup and it overlaps
with southern parts of the Orion B GMC. Although the naked-eye belt stars which are
supergiants have ages of about 5 Myr, which is inconsistent with the younger age boundary
of ∼ 2 Myr (Bally 2008).
Although it is centered on the sub-cluster σ Orionis this one is more likely related to
the OB1c subgroup because of the age of 2-3 Myr (Walter et al. 2008). σ Ori is a system of
five luminous stars with spectral types between A and O, located close to the horse head
nebula (∼ 35’) whereby the whole clustering might contain up to 700 stars. Its brightest
and name-giving component is giant star of spectral type O9.5 V.
The OB1c subgroup with about 2 to 6 Myr is partly located south to the eastern
belt-star ζ Ori (Alnitak), and in front and south to the ONC. It is superimposed on the
subgroups OB1b and OB1d and the distance is estimated at about 400 pc (Bally 2008).
Also the λ Orionis cluster is sometimes related to the OB1c sub-clusters as a detached
portion because of its similar age. It might very well be possible that the formation of
both, the more northern λ Ori group and the southern OB1c group, were triggered by the
older members of OB1a (Bally 2008). OB1c further includes stars around the upper part of
Orion’s Sword (∼ 4◦ below the belt) with the bright clusters NGC 1977 and NGC 1981, and
stars in front and below the ONC which mostly belong to NGC 1980 including ι Orionis,
which is a bright O9 III giant and actually a binary (Muench et al. 2008). NGC 1977
is an open cluster of about 100 young stars which create a reflection and emission line
nebula north tho the Orion Nebula and is connected to the Orion Molecular Clouds 2 and
3 (OMC-2/3) in the south which are also counted to OB1c by Muench et al. (2008). The
true membership of the two loose clusters NGC 1980 and 1981 is not yet completely
clarified. Either they are already older stars formed from OrionA or they are a complete
unique clustering. They are superimposed on parts of the younger OB1d subgroup and
it is assumed that its components lie at least 10 pc in front the OrionA molecular cloud
because of the absence of any illumination and reflection nebulae on the surface of OrionA
related to members of this clusters (Bally 2008).
Finally, the Orion Nebula Cluster (ONC) belongs to the OB1d subgroup which is the
youngest and lies across the Sword with a smaller extension than the OB1c part and in front
of the Orion A molecular cloud. Also NGC 2042 in Orion B and the Horsehead Nebula are
counted to this group. Its age is assumed to be only up to 2 Myr, also stated by Palla &
Stahler (1999), at a distance of about 420 parsecs (Bally 2008), which is controversial (see
§ 2.1). The ONC is probably the most popular cluster of the whole constellation including
the famous Trapezium stars which are only one of three centers of recent star formation in
the Orion Nebula whereby the other two are the BN-KL Region (already mentioned in §
1.2), which is still embedded, and the Orion-S Region (O’Dell et al. 2008). TheTrapezium
consist of four bright stars called θ Orionis A, B, C and D within 15" with spectral types
from B1 to O4 whereby each is also a multiple star. This centers of massive star formation
are surrounded by low- and intermediate-mass objects whereby also proplyds can be found
close to the Trapezium stars which is a hint that this very massive members formed only
recently (O’Dell et al. 2008) otherwise the disk of dust surrounding the young low-mass
stars would not have survived the strong UV radiation and stellar winds from the massive
members. One prominent proplyd is the “Beehive Proplyd” 181-826, which shows a bipolar
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Figure 2.1: Overview of the Orion Complex. The image is a composition of an optical image (Wei-Hao
Wang, IfA, University of Hawaii) and the dust extinction map (green) by Lombardi et al. (2011). The
complementarity between the red HII regions and the green H2 molecular clouds is evident.
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micro-jet emerging along the disk axis that drives a Herbig-Haro object (Bally et al. 2005).
South-east to the Trapezium stars lies the so called “Bright Bar” which shows an increased
surface brightness, which was suggested to be caused by the main ionization front (Wen &
O’dell 1995) from the ONC stars. It also might be associated with molecular outflows and
infrared sources near the region called Orion-S (O’Dell & Yusef-Zadeh 2000).
Beside NGC 2024 in Orion B the ONC is the largest cluster (Muench et al. 2008) and
the only well studied high-mass star forming region (Wolk et al. 2008) because the next
closest ones are within distances of 1.5-2 kpc to the Earth. Palla & Stahler (1999) assume
that the star formation in the ONC began about 10 Myr ago, first at a lower level and than
accelerated gradually, whereby the population between 0.4 and 6.0 M follows roughly a
standard IMF. But the most active star forming rate happened in a few million years and
has recently ended with the dispersal of gas from the Trapezium stars. The star density
is estimated at about 2 × 103 pc−3 which makes it also the most dense cluster in our
neighborhood (Palla & Stahler 1999).
2.1 OrionA
2.1.1 The Bright Part - The Orion Nebula Region
The OrionA Giant Molecular Cloud (GMC) was already subject to many scientific studies,
for example by Bally (2008); Allen & Davis (2008); Muench et al. (2008); Genzel & Stutzki
(1989). It is partly located behind the Orion Nebula M42 and it lies about 14◦ below the
galactic plane at a distance of approximately 400 to 420 pc to Earth whereby different
estimations are published. Lombardi et al. (2011) calculated a distance of only (317± 10)
pc by estimating the foreground star population in front the high extinction regions which
is a fraction of about 4.7% for this area. But they excluded the area in front the ONC
because this shows a higher density of stars which contaminates the foreground star count.
Also the estimation for the filamentary structures could not be calculated properly because
of their lower extinction. Other authors suggested, by using VLBA2 observations, distances
of (398± 23) pc (Sandstrom et al. 2007) or (414± 7) pc (Menten et al. 2007). The rather
low values of about 320 to 400 pc are not consistent with the already discussed distance of
the OB1d subgroup with about 420 pc because the cloud lies behind the ONC.
The OrionA GMC consists of a mass of ∼ 2×105M what implies that roughly half the
matter is in form of molecular hydrogen as suggested by Kutner et al. (1977) by observing
the 2.6 mm emission line of CO in the Orion region. The OrionA region contains the
Orion Nebula HII region (M42) created by the stars of the Orion Nebula Cluster (ONC)
including the Trapezium, the HII region M43, the bright nebula and cluster NGC 1977,
the star clusters NGC 1980 and NGC 1981, the Orion Molecular Clouds 1 to 5, the low-
mass star forming region Lynds 1641, and the reflection nebula NGC 1999. Some parts of
the OrionA region are already discussed in the previous section as parts of the OB1c and
OB1d subgroups which lie in front the molecular cloud. In Figure 2.2 an overview of the
northern part of OrionA is presented, centered on the bright Orion Nebula.
The part of the molecular cloud lying directly behind the ONC region is of an Integral-
or S-shaped pattern (Bally et al. 1987; O’Dell et al. 2008). This S-shaped filament is divided
into four “clumps” named the Orion Molecular Clouds 1, 2, 3 and 4 (OMC-1/2/3/4) and
stretches about 1◦ (∼ 10 pc) approximately from north to south (see Fig. 2.3). There is
also a part of the molecular cloud called OMC-5 a bit to the south of OMC-4 but which
is rarely mentioned and has got only four literature entries whereby the first is from 2006
2Very Long Baseline Array
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Figure 2.2: The region around Orion’s Sword with the Orion Nebula. Image courtesy of Jon Christensen
(http://christensenastroimages.com).
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(Johnstone & Bally 2006). OMC-1 is centered behind the Trapezium, and OMC-4 is a
v-shaped group of sub-millimeter cores south to OMC-1 (O’Dell et al. 2008). To the north
lies the OMC 2 and 3 region (OMC-2/3) which contains one of the richest concentration
of protostars where vigorous star formation is active, whereby the cores of OMC-3 are well
associated with young Class 0 sources as studied by Jin et al. (2001). It is connected to the
HII region NGC 1977 (Peterson & Megeath 2008), whereby OMC-2/3 seem to separate the
ONC from NGC 1977 in the Visual. The main ionization source of NGC 1977 is the B1 V
star HD 37018 (or 42 Orionis). This HII region is less populated than the Orion Nebula
and shows weaker UV radiation. Figure 2.3 shows an image of the integral shaped filament
combined of MSX3 and SCUBA4 observations (from Kraemer et al. 2003; Johnstone &
Bally 1999, respectively). The four OMCs and NGC 1977 with HD 37018 (42 Orionis), the
“Bright Bar”, the “Beehive Proplyd”, and HH 541 (Bally & Reipurth 2001) are marked.
Figure 2.3: The Integral-shaped pattern behind the ONC taken from O’Dell et al. (2008). Shown is a
MSX+SCUBA dust map of the OMC with: Red=SCUBA 850 µm, Green=MSX 14 µm, Blue=MSX 8 µm
(PAH-emission). SCUBA by Johnstone & Bally (1999), MSX by Kraemer et al. (2003).
3The Midcourse Space Experiment observed in the mid-infrared from 8 to 21 µm (Egan et al. 1999).
4Submillimeter Common-User Bolometer Array, Holland et al. (1999)
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2.1.2 The Dark Part - Lynds 1641
South to the ONC follows the bulk of OrionA called Lynds 1641 (L1641 or LDN51641)
which is the dark part of the cloud as seen from the Earth. It is divided in North, Center and
South (L1641-N/C/S) and lies parallel to the galactic plane extending about 3◦ to 4◦ from
the northwest to the southeast underneath Orion’s Sword. It is well highlighted in Figure
2.1 as the Orion A labeled green dust extinction map by Lombardi et al. (2011). This part
of the molecular cloud is well discussed by Allen & Davis (2008) in the Handbook of Star
Forming Regions (Reipurth 2008). L1641 spans an area in the sky of 6.3 deg2 (∼ 300pc2)
with the center at about RA/Dec (5h37.4m, −6◦58′) and contains several 104M. At the
southern end of L 1641 there are the two so called “eastern” and “western legs” of the cloud,
L1648 and L1647 respectively, but commonly these are just named as parts of L1641 South
(from δ − 6.17◦ on) (Allen & Davis 2008). Together the OMC-1/2/3/4/5 regions, L1641
forms the 105M OrionA GMC.
It is a low-mass star forming region which means it forms mainly stars of the T-Tauri
type but no luminous O and B type stars which would illuminate the surrounds. Still it
includes some slightly brighter components and small clusterings. Some examples are the
reflection nebula NGC 1999 with the V380 Ori binary, the emission line star HBC 498 (K7),
HD 38023 (B4 V), and also several molecular outflows and numerous Herbig-Haro objects,
whereby a small amount comprise pc-scales, e.g. HH 303/310 (Allen & Davis 2008).
To the north of L1641 lies L1640 which comprises the molecular cloud part behind the
Orion Nebula region and shapes the integral filamentary pattern. It includes the already
discussed OMC-1/2/3/4/5. The molecular clouds OMC-4 and OMC-5 are lying very close
to L1641 but are mostly discussed separately from it (Allen & Davis 2008).
The distance of the cloud is assumed to be at 400 to 410 pc whereby it is commonly
believed that it lies approximately at the same distance as the ONC region. Though Wil-
son et al. (2005) found a possible distance gradient from north to south of ∼ 100 pc,
which means that the L1641 part of OrionA might lie farer away than the ONC. More re-
cently a distance of about (414±7) pc was determined by (Menten et al. 2007) using VLBA.
The following descriptions of L 1641 from north to south are taken from Allen & Davis
(2008). An overview of the region with labeled prominent objects and regions is shown
in Figure 2.4. L1641 contains no rich clusters like the ONC region but still several small
clusterings and also relatively isolated YSOs. There are about eight distinguishable small
groups of young stars in L 1641, including hundreds of young mainly low-mass stars which
were detected by optical, infrared and X-ray surveys. Also several Hα sources have been
detected with a higher density of their distribution closer to the ONC, whereby it is notable
that many of this Hα sources in L1641 appear to be not associated with any known clusters.
The most prominent of the small aggregates in the north is the L 1641 North cluster
with about 43 YSOs as found by (Strom et al. 1993). Close to it lies the reflection nebula
NGC 1999 which contains a dark patch of about 10,000 AU (Stanke et al. 2010), sometimes
interpreted as a dense foreground globule. Stanke et al. (2010) found that this dark patch
is actually a hole or cavity in the material formed by jets of V380 Ori which is producing
the reflection nebula NGC 1999. So in this case one can truly say “Hier ist wahrhaft ein
Loch im Himmel!”6 as stated by Friedrich William Herschel in 1784 when he first noticed
dark patches in the sky in the constellation Scorpio, which are actually dark clouds (Bergin
& Tafalla 2007). V380 is a Herbig Ae/Be intermediate-mass emission-line A0 or A1 star
and part of a binary system and a strong X-ray source (Zinnecker & Preibisch 1994). It
5LDN - Lynds Dark Nebula
6“Here is truly a hole in the sky!”
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is probably powering the HH-object HH 35 (Reipurth 1989) and some molecular outflows.
The star is part of the V380 Ori Group which produces the spectacular outflow HH 1/2
whereby its origin is the source VLA1.
In the center lies L 1641-C which is another prominent molecular outflow. To the west
of L1641-C the luminous star V883 Ori is located which is an embedded IR source that
illuminates the reflection nebula IC430 (Haro 1953; Allen et al. 1975). It is likely a FU Ori
type star as suggested by Strom & Strom (1993); Reipurth (2008) and it might drive the
Herbig-Haro object HH 183 (Strom et al. 1986).
The southern part of L 1641 comprises a bright reflection nebula called L1641-S, the
DL Ori group, and the HBC 498 group. The L 1641-S Cluster with ∼130 stars (Strom
et al. 1993) does not show evidence to be deeply embedded, and it surrounds the luminous
star HD 38023. HD 38023 is a B4 V HAeBe star and the most massive member of L 1641
at RA/Dec (5.706h, −8.13◦), which produces the reflection nebula (Racine 1968).
Another prominent group in the south is the HBC 498 group with rich molecular
outflows. This group is partially embedded and contains five brighter stars that produce
the slight reflection nebulosity in this region. It is located close to DL Ori and therefore
sometimes called the DL Ori group.
This northern and southern parts until L1641-S are already quite well described and
observed but the parts of the cloud south to δ ∼ −9◦ or at l > 213◦ are essentially
unobserved and very rarely discussed in the literature. Looking at WISE images presented
in this thesis the dark cloud L1641 seems to extend as far as to δ ∼ −10◦ or l ∼ 214◦
(see Figure 2.4). There appears another bright reflection nebulosity similar to L1641-S
but even larger at about (5h40m50s, −9◦22′). The only named molecular cloud object in
this region is M3T 24 which got only one literature entry (Maddalena et al. 1986). This
findings will be discussed further in the Discussion part (§ 6).
Figure 2.4: RGB image composed of W3,2,1 (image courtesy Stefan Meingast) with labeled prominent
regions in L1641. Some notes from south to north (left to right): The bright reflection nebula L1641-S
includes the HAeBe B4 V star HD 38023, which is the most massive star of L1641, the luminous star V883
Ori is embedded in the reflection nebula IC430, and the HAeBe emission line star V380 Ori lies in the
reflection nebula NGC 1999. The Orion Nebula is the obvious bright nebula at l ∼ 209◦, which is already
described and labeled in the Figures 2.2 and 2.3. The σ Orionis cluster is shown in the upper right corner,
whereby its brightest component is marked.
Chapter 3
Data
3.1 WISE photometry & Ancillary Data
The easiest way to detect young stars is in the infrared. But some infrared wavelengths are
strongly absorbed due to atmospheric water vapor which means ground based telescopes
are limited. Therefore it is essential to use infrared satellites like the Wide-field Infrared
Survey Explorer1 (WISE ) which observes in the mid-infrared from 3 to 22 microns. The
big advantage of WISE, compared to previous mid-infrared surveys like Spitzer is that it is
an all sky survey, which gives one the opportunity to discuss also the essentially unobserved
regions like in this case the surroundings of OrionA. The Orion Nebula Cluster (ONC)
was already subject to many observations but if one goes about 15 parsecs away from its
center there are far less known objects because this regions are basically not surveyed or
discussed.
For this thesis I use the WISE Preliminary Release Data from April 14, 2011 which
already covers OrionA and the chosen control field. The final All-Sky Release was only
available since end of March, 2012 where this thesis was almost finished.
3.1.1 WISE Mission & Data
The Wide-field Infrared Survey Explorer (WISE) is a medium class explorer (MIDEX) mis-
sion funded by NASA, managed and operated by the Jet Propulsion Laboratory (JPL) for
the PI, Edward L.Wright. The WISE data acquisition and reduction are discussed in detail
in Wright et al. (2010) and in the Explanatory Supplement to the WISE Preliminary Data
Release Products from April 14, 2001. The data processing, archiving, and distribution
are performed by the Infrared Processing and Analysis Center (IPAC), California Institute
of Technology. The data download could be done from the Infrared Science Archive at the
Image Public Access Catalogue (IRSA at NASA/IPAC 2011d).
The cryogenic survey was done from January 7 until August 6, 2010 until the solid
hydrogen in the outer cryogen tank was exhausted, whereby WISE surveyed the sky ∼ 1.2
times during the full cryogenic phase. 30% of the sky where observed in the 3-band-cryo
phase using only the 3.4, 4.6 and 12 µm bandpasses until also the inner tank sublimated
on September 29, 2010. After that the two short wavelength detectors remained opera-
tional at near cryogenic survey sensitivity and continued to survey until February, 2011
1This thesis makes use of data products from the Wide-field Infrared Survey Explorer, which is a joint
project of the University of California, Los Angeles, and the Jet Propulsion Laboratory/California Institute
of Technology, funded by the National Aeronautics and Space Administration.
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for NEOWISE2. Since that the satellite remains in orbit, whereby the last contact was on
February 17, 2011 (IRSA at NASA/IPAC 2011e).
WISE observed in the mid-infrared in four bands with the effective wavelengths at 3.4,
4.6, 12.0 and 22.0 µm, referred to as W1, W2, W3 and W4 respectively. The satellite
observed the whole sky with a 40 cm telescope whereby 57% are already covered by the
preliminary data release from the first 105 days of the WISE cryogenic survey. The ob-
servations were done in a continuous scanning mode. The survey of the complete sky was
completed July 2010.
W1 and W2 have their cut off at 4.2 and 5.4 µm by a HgCdTe (mercury cadmium
telluride) detector array. For the long wavelength channels W3 and W4 the detectors are
Si:As BIB (silicon arsenide, Blocked Impurity Band) arrays. The WISE Field of View
(FOV) is 47’ x 47’. All arrays have an effective pixel array of 1016x1016 pixels (18µm2).
The individual exposures for a single frame are 7.7 sec for W1,2 and 8.8 sec for W3,4.
WISE achieves a higher sensitivity and spatial resolution compared to previous infrared
all-sky surveys like IRAS3 (InfraRed Astronomical Satellite) or DIRBE at COBE (Diffuse
InfraRed Background Experiment, Cosmic Background Explorer). The sensitivity of W3
in the 12 µm band is more than 100 times better than that of IRAS. And the only All-Sky
survey in the range of 3.4 and 4.6 microns was done by DIRBE but with 5 × 104 times
worse flux limits.
The WISE bands start to get saturated for W1 < 8mag, W2 < 6.7mag, W3 < 3.8mag
and W4 < −0.5mag. The nominal single-exposure detection limits at a SNR = 5 are
W1 < 15.3, W2 < 14.4, W3 < 10.1 and W4 < 6.7 mag. The WISE bandpasses are shown
in Figure 3.1. The W3 band at 12 µm is contaminated by PAH (polycyclic aromatic
hydrocarbon) emission from starburst galaxies (PAH-Galaxies).
Figure 3.1: Weighted mean WISE relative spectral response functions in electrons per photon (left) and
after normalizing to a peak value of unity on a logarithmic scale (right). Figures and caption from Wright
et al. (2010).
The WISE catalogue provides also ancillary data from the Two Micron All Sky Survey
(2MASS) in the near-infrared (§ 3.1.2). It has to be noticed that not all WISE sources
were observed by 2MASS.
2NEOWISE is an enhancement to the primary WISE mission and was tracking moving solar system
objects (Mainzer et al. 2011).
3IRAS observed at 12, 25, 60 and 100 µm.
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3.1.2 2MASS - JHKs
The Two Micron All Sky Survey4 (2MASS) (Skrutskie et al. 2006; Kleinmann et al. 1994)
is a ground based near-infrared survey and observed in the J, H and Ks bands with the
central wavelengths at 1.25, 1.65 and 2.17 µm respectively. The 2MASS “K-short” (Ks)
filter excludes wavelengths long-ward of 2.31 µm to reduce thermal background and airglow
and includes wavelengths as short as 2.00 µm to maximize bandwidth (Skrutskie et al.
2006). The bandpasses are shown in Figure 3.2.
The instruments are the two identical 1.3 m telescopes at Mt.Hopkins in Arizona
and CTIO in Chile with 3-channel cameras using 256x256 arrays of HgCdTe detectors
(NICMOS3). The sensitivity of the three bands at a SNR of 10 is 15.8, 15.1, and 14.3
mag for J, H, and KS respectively. The WISE catalog only provides the 2MASS JHKS
magnitudes with their errors but no additional flags. The complete data information is
provided by the 2MASS online catalog search at IRSA at NASA/IPAC (2011c) .
Figure 3.2: The 2MASS bandpasses. The
curve represents calculated total transmission
as a function of wavelength including the at-
mosphere (modeled with precipitable water = 5
mm), telescope optics, camera optics, and ar-
ray quantum efficiency. This composite trans-
mission is derived from witness measurements
of mirror, dichroic, lens coating efficiency, and
quantum efficiency measurements of similar ar-
rays. Figure and caption from Skrutskie et al.
(2006).
3.1.3 Spitzer - MIPS1
An other well known infrared satellite is Spitzer Space Telescope5 is a targeted mission
which already observed numerous of interesting regions in the sky, also large parts of
OrionA. The disadvantage of Spitzer compared to WISE is that the current observations
are limited to some chosen regions. But WISE, as an All-Sky survey, includes also areas
that were not covered by Spitzer yet. Nevertheless Spitzer could contribute to find also
fainter candidates because of the higher resolution of its photometry.
Spitzer observes with a 85 cm telescope in the mid- and far-infrared with the instru-
ments IRAC (InfraRed Array Camera) centered at 3.6, 4.5, 5.8 and 8.0 µm, and MIPS,
the Multiband Imaging Photometer for Spitzer which produces imaging and photometry
in three broad spectral bands, centered at 24, 70, and 160 microns, and also low-resolution
4This thesis makes use of data products from the Two Micron All Sky Survey, which is a joint project
of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute
of Technology, funded by the National Aeronautics and Space Administration and the National Science
Foundation.
5This work is based in part on observations made with the Spitzer Space Telescope, which is operated
by the Jet Propulsion Laboratory, California Institute of Technology under a contract with NASA.
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spectroscopy between 55 and 95 microns (IRSA at NASA/IPAC 2011a). I used the MIPS
M1 band at 24 µm additionally because of the inferior quality of the WISE W4 band at
22 µm (downloaded from IRSA at NASA/IPAC (2011b) and reduced by Hérve Bouy). It
is less contaminated and has smaller errors than W4. The 24 mic camera has a FOV of
∼5 arcmin2.
The bandpass is shown in Figure 3.3. The exact average wavelength of Spitzer MIPS1
is at 23.68µm and the peak lies at 21.9µm. It ranges approximately from 20.8 to 26.1
microns (width at half maximum ∼ 5.3µm) (MIPS Instrument Support Teams 2011).
Figure 3.3: Pre-launch response
of the 24 µm band including
detector and filter spectral re-
sponse. Figure and caption
from the MIPS Instrument Hand-
book (MIPS Instrument Support
Teams 2011).
3.1.4 Overview of the Infrared bands
A short overview of the used bands is shown in Table 3.1, giving the effective wavelength
λeff , the bandwidth (FWHM) and the angular resolution R. With the wavelength range
provided by 2MASS, WISE and Spitzer, it is possible to obtain the infrared excess due to
the circumstellar disks by looking at different color-color and color-magnitude diagrams,
or at the spectral energy distributions (SEDs), whereby for the latter optical and near-
infrared photometry should be used additionally, for example from SDSS6, to get more
convincing curves.
The angular resolution R in arc-seconds forWISE is given by theWISE preliminary release
explanatory supplements, for 2MASS by the 2MASS All-Sky Data Release, and for Spitzer
MIPS1 I calculated it by
R = 1.22 · λeff
D
(3.1)
whereby D is the diameter of the telescope aperture.
Table 3.1: Overview of the used infrared bands: 2MASS, WISE and Spitzer MIPS1. Given is the effective
wavelength, the bandwidth, and the angular resolution.
IR Bands J H KS W1 W2 W3 W4 M1
λeff (µm) 1.25 1.65 2.17 3.4 4.6 12 22 24
FWHM (µm) 0.17 0.25 0.27 ∼ 0.7 ∼ 1.1 ∼ 7.0 ∼ 5.0 ∼5.3
R (arcsec) ∼2 ∼2 ∼2 6.1 6.4 6.5 12.0 ∼7
6The Sloan Digital Sky Survey, Fukugita et al. (1996).
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3.2 Selecting Science and Control Field
I selected the scientific region around OrionA by using the dust extinction map from
Lombardi et al. (2011) shown in Figure 3.4, to pic the most obvious molecular cloud region
plus its surroundings. I defined a rectangle with the four RA/Dec vertices in degrees using
DS97 at: 84.846 -12.076, 88.480 -10.258, 84.305 -2.083, 80.718 -3.864. This corresponds to
an ∼ 36.7 square degree field (as calculated in Appendix A). The center of this field lies
at α = (5h 38min 31.9sec) and δ = (−7◦ 5′ 25.8′′), in galactic coordinates it is centered at
(l,b)OA = (211, -19.4)◦.
In the next step I extracted a proper Control Field (CF) of the same size by looking at
the same dust extinction map (blue in Fig. 3.4) for a region with no visible extinction and
with its center at the same galactic latitude (b) as OrionA to get a good approximation
for the background. I simply shifted the defined rectangle of OrionA by 22◦ to higher
galactic longitudes (l). The RA/Dec vertices in degrees for the CF are: 93.888 -31.069,
97.845 -29.047, 92.749 -21.123, 88.971 -23.006, with the center at α = 6h 13min 24.8sec and
δ = −26◦ 5′ 13.2′′, in galactic coordinates it is centered at (l,b)CF = (233, -19.4)◦.
In Figure 3.5 a zoom-in of the science field around OrionA is shown of the dust extinc-
tion map with a given distance in parsecs. The conversion between degrees and parsecs in
the sky depending on the distance is calculated by
d(◦) =
d(pc) · 206265
D(pc) · 3600 (3.2)
whereby capital D stands for the distance from the sun to the object, and d for the distance
between two points in the sky.
The science field around OrionA includes 275 204 sources in the original download from
the WISE Preliminary Release Source Catalog (without restrictions) and the Control Field
413 488. The reason that there are about 33% more sources in the original download of
the CF could be caused by less extinction and therefore more observed galaxies and other
background objects. Further the CF lies in a region which was observed by WISE with a
higher frequency than the Orion region, at least concerning the preliminary release data.
In Figure 3.8 in Section 3.2.1 science and control field are plotted with the WISE sources
in galactic coordinates.
With this CF I finally created a selection for YSO candidates in the color-color diagrams
by comparing the color regions of science and control fields whereby the CF gives a proper
estimation for the background (see Section 5.2).
7This thesis has made use of SAOImage DS9, developed by the Smithsonian Astrophysical Observatory
(Joye & Mandel 2003).
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Figure 3.4: The NICER dust extinction map by Lombardi et al. (2011) was used to select science (red)
and control field (blue). Resolution at FWHM = 3 arcmin. The colorbar shows the amount of extinction
for AK .
206°207°208°209°210°211°212°213°214°215°216°
Galactic Longitude
-21°
-20°
-19°
-18°
G
a
la
ct
ic
 L
a
ti
tu
d
e
10 pc
0.00
0.15
0.30
0.45
0.60
0.75
0.90
1.05
1.20
OMC-2/3
ONC
Figure 3.5: Zoom-in of Fig. 3.4 shows the selected science field around OrionA (dust extinction map
by Lombardi et al. 2011). 10 pc corresponds to 1.34◦ in the sky for OrionA at a distance of about 400
parsecs. For better orientation: the ONC and the molecular clouds OMC-2/3 are labeled and the blue
plus indicates Saiph (κ Ori), the left foot of Orion (see also Figure 2.1 and 2.4).
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3.2.1 Checking flags and cleaning the data
To get reliable WISE sources I checked the different flags and errors provided by the WISE
Preliminary Release Source Catalog (PRES). The most important are: w?snr8, w?sigmpro,
w?rchi2, w?sat, w?m, w?nm, cc_flags, ext_flg, var_flg, nb and na.
First I checked the Signal-to-Noise Ratio (SNR) and the sigma which is the profile-fit
photometric measurement uncertainty (error in magnitudes). If the SNR or the sigma is
null it is a 95% confidence upper limit or the source is not measurable. The User’s Guide
to the WISE Preliminary Data Release suggests to take only sources where (w?mpor is
not null) AND (w?sigmpro is not null) AND (w?snr > 7). Finally I used only sources with
errors lower 0.15mag for the four WISE bands. In Fig. 3.9 the errors are plotted versus the
magnitudes. An error of 0.15 mag corresponds to a SNR of about 7.25 in all four WISE
bands (see Fig. 3.6) and an error of 0.05 mag corresponds to a SNR of about 21.7. Later
in this report I use this lower error cut to compare the color-color diagrams with different
errors.
Figure 3.6: The signal to noise ratio (SNR) of the sources compared with the error (sigma) shows that
they are correlated in all ranges for all four WISE -bands (denoted in the diagrams). I use a maximum
sigma of 0.15 mag in Chapter 5 for the YSO selection. This correlates to a SNR of 7.25.
The Frame Depth-of-Coverage “w?m” gives the number of individual 7.7 sec (for W1,2)
or 8.8 sec (for W3,4) exposures for one band on which a profile-fit measurement of this
source was possible. The minimum depth-of-coverage should be at least 5 independent
frames. So it has to be w?m > 4 which can differ between the four bands. The Frame
Detection Count “w?nm” gives the number of individual exposers where the source was
8The ? stands for the band 1, 2, 3 or 4.
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detected with SNR > 3. The WISE Preliminary Data Release suggests to take only
sources which are detected with a SNR > 3 more the 40% (w?nm/w?m > 0.4). The All
Sky Release does not need this requirement anymore. Next I searched the source catalog
for spurious detections caused by bright sources which produced artifacts which are given
by the contamination and confusion flags (cc_flags). For the selection I only used sources
with good cc_flags, where they are equal 0 or lower-case letters9. So I rejected data where
one band had a spurious flag i.e. flagged with an upper-case letter D, P, H or O. The
extension flag ext_flg = 0 means that the morphology of a source is consistent with the
WISE point spread function (PSF) in any band. When ext_flg = 1 the source has to
be handled carefully. Further I checked the number of PSF components “nb” which tells
me if one or more sources were used simultaneously in the profile-fitting process whereby
nb = 1 stands for a single source fitted. It goes up to 4 simultaneous fittings. The active
de-blending “na” indicates if a single detection was split into multiple sources in the process
of profile-fitting where 0 is good data where the source is not actively de-blended. From
nb = 1 follows automatically na = 0. The column “w?rchi2” is the reduced χ2 (χ2red) of
the profile-fit measurement whereby I made the cuts at χ2red ≤ 2. The saturation of the
bands is given by “w?sat”. If the saturation is cut at w?sat = 0% it takes away a lot of
bright sources, likely foreground stars using the first two WISE bands W1,2 but also very
red sources in W3,4, whereby it has to be noted that the center of the ONC is completely
saturated in the last two bands.
In Table 3.2 the brightness limits of the four WISE bands for both, science and control
field, are compared by applying different error cuts. Figure 3.7 shows the same to visualize
the differences for the whole range. When cutting χ2red ≤ 2 and the saturation ≤ 50% the
limits are the same as if just applying a cut for errors lower 0.15 mag. But by applying the
frame-coverage (FC) restriction that at least 40% of the detections of the source should
have a better SNR than 3, the brightness limits are affected. When looking closely at the
histograms in Figure 3.7 one can see that the W3 and W4 band magnitudes are trimmed
additionally in all wavelength ranges for the science field.
Table 3.2: WISE brightness limits for OrionA and the CF. The limit is the wavelength with the maximal
source count in a bin of 0.05 mag. 1st: With an error lower 0.15 mag, SNR6=NULL, good cc_flags and
χ2red ≤ 2 I get the limit1. 2nd: With the additional restriction that at least 40% of the detections of the
source should have a better SNR than 3 give a lower limit (limit2).
WISE Magnitudes
[λ (µm)] limit1 limit2 limit1 limit2
Orion A Control Field
W1 [3.4] 16.3 16.1 16.8 16.1
W2 [4.6] 15.4 15.0 15.6 15.0
W3 [12] 11.1 10.8 11.5 10.8
W4 [22] 7.6 6.8 7.6 6.9
9“cc_flags” stands for contamination and confusion flag due to proximity to an image artifact indicated
by four flags: diffraction spike (d, D), persistence (p, P), halo (h, H) and optical ghost (o, O). 0 indicates
good photometry. Upper-case letters denote spurious detection of an artifact and have to be rejected and
lower-case letters denote that the measurement may be real but contaminated by the artifact.
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Figure 3.7: Histograms of the WISE band magnitudes for science and control field (bin = 0.3 mag).
Upper panels for sources with errors < 0.15 mag, rchi2 < 2, saturation < 50% and lower panels with the
additionally restriction that at least 40% of the detections of a source should have a better SNR than 3.
W1 (blue), W2 (green), W3 (orange) and W4 (red). The y-axis is in a logarithmic scale.
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By getting rid of spurious contamination and confusion flags (cc_flags) in all four
WISE bands there where 265 803 left (96.6% from original download) in the science field
and 403 765 (97.6%) sources in the control field. In Fig. 3.8 the downloaded WISE data
for science and control field are plotted in galactic coordinates after cleaning only from
spurious sources (cc_flags). Therefore the halos around bright objects look like wholes in
the sky. The OrionA molecular cloud is clearly visible in the downloaded data. Due to the
extinction of the cloud I might get less sources in the science field compared to the control
field. Therefore there are as well less observed galaxies which will be discussed in Section
4.2.
It has to be noted that I made the restrictions and cuts only for the bands used for a
current plot or selection. This way e.g. bad W4 photometry does not affect a color-color
diagram of W1, W2 and W3 and vice versa.
The WISE preliminary release catalog also provides 2MASS data. The JHKs errors
versus the magnitudes for the science field around OrionA are shown in Figure 3.10.
3.2. SELECTING SCIENCE AND CONTROL FIELD 27
Figure 3.8: Maps of science and control field represented by the plotted sources from the downloaded
WISE preliminary release data in galactic coordinates. Spurious data due to contamination and confusion
(cc_flags) in all four WISE bands is already eliminated. For the control field I have chosen a field in the
sky with the same galactic latitude in the center to have approximately the same background. The slight
rotation of the control field is due to the projection in spherical coordinates of the rectangle defined in
Fig. 3.4.
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Figure 3.9: The observed WISE magnitudes for OrionA versus their errors in magnitudes. W1 (blue),
W2 (green), W3 (orange) and W4 (red). The horizontal dashed line marks the maximum error at 0.15
mag that I finally used and the vertical dashed lines indicate the maximal magnitudes for each band with
errors lower 0.15 mag: W1max = 17.0 mag, W2max = 15.7 mag, W3max = 11.5 mag and W4max = 7.8
mag.
Figure 3.10: The observed 2MASS JHKs magnitudes of the science field versus their errors in magnitudes.
The horizontal dashed line marks the maximal error at 0.1 mag which is approximately the limit for good
2MASS photometry. The vertical dashed lines indicate the maximum magnitudes for each band with errors
lower 0.1 mag: Jmax = 16.6 mag, Hmax = 15.8 mag and KSmax = 15.1 mag. The limits are in the same
range as those for the WISE bands W1 and W2.
Chapter 4
Methods
To find new YSO candidates I studied different color-color and color-magnitude diagrams
and took the Control Field (CF) as reference. The plotting and analysis was mainly done
with the code IDL (Interactive Data Language) and Python (APLpy1) and also the useful
tool Topcat2. Additionally I studied the selection and results with ALADIN3 and compared
it with known sources using SIMBAD4 .
4.1 Color-Color Diagrams
Color-Magnitude (CM) and Color-Color (CC) Diagrams are a improved way to study stellar
properties of clusters. CM diagrams show a relationship between the luminosity and the
surface temperature of a star based on its mass, age and also, but not so effectively, by its
composition. The absolute magnitude is an equivalent to the luminosity of the star. But
to get the absolute luminosity you need the distance to the object. If that is unknown one
can still learn something about a cluster by looking at various CC diagrams, because the
color of a star is just the difference between magnitudes at two different wavelengths, so it
is the ratio of the fluxes.
For the understanding of infrared colors I show two figures with examples from Spitzer
infrared color-color diagrams by Stolovy et al. (2006) who investigated the rarely studied
dark cloud Lynds 1188. Figure 4.1 left shows a CC diagram made of the Spitzer IRAC
bands at 3.6, 5.8 and 8.0 µm and the MIPS M1 24 µm band. The diagram shows where
Class I, Class II and also Class III sources fall, whereby Class III sources could be YSOs
with transition disks. This examples are useful for this research to find new candidates for
young stars and to classify them because of the similar wavelengths of the WISE bands.
The classification gives an idea of the age of the stars. Stars start their lives as cool
objects (red) also because they are still embedded and become hotter (bluer) when they
age and become normal stars and so they shift their positions on the diagram. Additionally
the surrounding dust influences their location in the CC diagrams, depending on the angle
and the thickness of such a disk. Figure 4.1 right shows an only IRAC CC diagram which
includes a lot of sources which have not been detected at 24 µm (at about 0,0). Here the
colors for YSOs are more tightly correlated.
1This thesis made use of APLpy, an open-source plotting package for Python hosted at http://aplpy.
github.com.
2This thesis has made use of Topcat by Mark Taylor http://www.star.bris.ac.uk/~mbt/topcat/.
3This thesis has made use of Aladin (Bonnarel et al. (2000)).
4This thesis has made use of the SIMBAD database, operated at CDS, Strasbourg, France (http:
//simbad.u-strasbg.fr/simbad)
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Figure 4.1: YSO sample of L1188 studied by Stolovy et al. (2006). Left: IRAC/MIPS1 CC diagram for
115 sources common to IRAC1,3,4 and MIPS 24 µm detected at a minimum of 10σ in each band. Rough
evolutionary classes are indicated, varying from Class I (squares) to Class III (plus signs). 56 of theses
sources have colors indicative of YSOs. Note the region in the lower right of the diagram, indicating sources
with no detectable excess in IRAC but with a large MIPS 24 µm excess, indicating disks with central gaps
(transition disks). Right: IRAC only CC diagram for 883 sources common to all 4 IRAC bands detected
at a minimum of 10σ in each band. The same YSO candidates and symbols are plotted as in the previous
figure, and the remaining sources not detected at 24 µm are plotted as black dots. IRAC colors for YSOs
are more tightly correlated in phase space in this diagram than in the left one. Figures and caption by
Stolovy et al. (2006).
4.2 WISE Color Spaces
An example of a color-color diagram for the WISE bands W1,2,3, taken from the Prelimi-
nary Release Explanatory Supplement (IRSA at NASA/IPAC 2011e) is presented in Figure
4.2. The figure shows where the background and normal foreground stars are located in this
diagram whereby most sources are extragalactic. It gets clear, when looking for YSO’s,
galaxies and extragalactic objects are disturbing because of their also red colors. They
show up in the IR because of interstellar extinction and redshift due to high velocities.
Also galaxies with high star-forming rates, so called starbursts are very dominant in the
W1,2,3 diagram. They are dominated by PAH emission lines which show up approximately
between 7 and 20 µm. Therefore the W3 12 µm band is most affected. Comparing this
WISE CC diagram with the previous one from Spitzer (Fig. 4.1) it is clear that one can
not simply pick the interesting YSO color regions to label a source as new YSO candidate
because of the overlapping color spaces. This problem could be solved partly by using a
control field. This way one can at least select obvious candidates whereby of course a signif-
icant number of candidates are dismissed when having the same colors as the background
(see § 5.2). Or the other possibility could be to only look at regions with high extinction
which also eliminates most of the background sources. But by this, information about the
surroundings would be lost. In Figure 4.3 another example is shown from Koenig et al.
(2012). They took also the W1,2,3 CC diagram of a control field and over-plotted already
classified YSO’s from Taurus (Rebull et al. 2011) and defined two regions for CLASS I and
II sources shown in the right panel. Later in this thesis in Section 5.2 I will refer to this
method. In the left panel starburst galaxies are highlighted which produce PAH emission.
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Figure 4.2: An example of the color spaces for the WISE bands W1 [3.4mic], W2 [4.6mic] and W3 [12mic]
at higher galactic latitudes, showing where different types of WISE detected sources fall, both galactic and
extragalactic (taken from the WSIE Preliminary Release Explanatory Supplement, from April 14, 2011
IRSA at NASA/IPAC 2011e).
Figure 4.3: WISE band 1, 2 and 3 color-color diagrams showing the distribution of diskless (black points),
Class II (gold and yellow), flat SED (blue and light blue), and Class I YSOs (red and light red) from the
Taurus compilation of Rebull et al. (2011) detected by WISE. Left: Gray points show the location of
objects detected by WISE with Dec 88.22◦. Solid lines show the region from which they cut PAH/star-
forming galaxies. Right: Dashed lines indicate the boundaries by which they classify Class I and Class II
sources. Figures and caption by Koenig et al. (2012).
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4.2.1 Discussing WISE Colors
To make a reliable YSO selection I looked at different color-color (CC) diagrams composed
of WISE photometry. Finally I used two versions namely the CC diagrams (W2-W3)
vs. (W1-W2) and (W2-W4) vs. (W1-W2). I will further refer to these as W123 and W124
respectively for shorter handling.
To get a better understanding for this CC diagrams I took WISE sources which are
already cataloged in SIMBAD to see where the different object types (like Stars, Galaxies
or already confirmed YSOs) fall in the W123 and W124 CC diagrams. This I got by cross-
matching all the selected data with the known SIMBAD sources using ALADIN, the same
for the control field, by using a search radius of 4". I plotted the same object types for
science and control field if they did occur in both and show some different distribution,
e.g. for Stars and Galaxies, and some object types were plotted only for the science field
because they did not occur once in the control field, like YSOs or emission-line stars (Em*).
I assume that some object types do not occur in the CF because this region is less observed
and additionally some types are more typical for star-forming regions.
For better statistics I made this check with larger fields than the original science and
control field to get more convincing color spaces. So I selected two ∼ 120 deg2 degree fields
around the science and control field using again the dust extinction map by Lombardi
et al. (2011) to make good selections. The extended RA/Dec vertices around the science
field are: 90.635 -11.066, 82.388 5.182, 76.456 2.252, 84.618 -14.088. This way the science
field also includes large parts of OrionB. And the extended RA/DEC vertices of the CF
are: 98.804 -30.292, 89.028 -14.430, 82.894 -17.409, 92.109 -33.562. The chosen regions are
shown in Figure 4.4.
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Figure 4.4: Larger regions around OrionA (red) and the control field (blue) over-plotted on the dust
extinction map (Lombardi et al. 2011). The original science and control field are indicated by the dashed
lines. The color-bar gives the extinction AK .
In the Figures 4.6 and 4.7 science and control field are compared for the W123 and
W124 CC diagrams, showing the object types “Star”, “**” (Double Star), “*in **” (Star in
Double Star), “EB*” (Eclipsing Binary Star), “Galaxy” and “QSO” as given by SIMBAD,
whereby the first four stellar object types are plotted together in one diagram. There is a
significant difference visible when plotting Stars for Orion and the CF. There are sources
in the Orion region confirmed as Stars but which have redder colors. When over-plotting
on the map those sources show up along the nebulous regions (Figure 4.5). I assume them
to be still young stars, probably CLASS III sources with debris disks or transition disk
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sources, which means they might still have some disk remnants left or the disk is too far
away from the cloud to produce large IR excesses. Because the color excess gets only visible
in the mid infrared those sources might be mistaken as normal photosphere stars because
of less information from different wavelength regions in the past.
Also the galaxies show a slightly different pattern in science and control field. Galax-
ies include the SIMBAD object-types “Galaxy”, “GinC” (Galaxy in Cluster), “GinGroup”
(Galaxy in Group) or “EmG” (Emission-line Galaxies). In the Orion region there seem to
be less which might be caused again by extinction of background sources which I already
stated previously. Also the galaxies in the Orion region are more scattered parallel to the
extinction vector. I also plotted the QSOs (quasi stellar objects) separately because they
were present in both regions but they show no different distribution, only that there are
less in the Orion region what I accredit again to the higher extinction.
The Figures 4.8 and 4.9 show the distributions of some Object-Types in the CC dia-
grams W123 and W124 only for the Orion region because these were not present in the CF.
The Object-Types are “Star in Cluster” (*inCl), “Star in Nebula” (*inNeb), “Emission-line
Star” (Em*), “Flare Star” (Flare*), “Young Stellar Object” (YSO) or “YSO Candidate”
(YSO Cand), “Variable Stars” (V*) and “Orion Variables” (Orion V*). When looking at
this different types of stars one can see that they very often have infrared excess when
plotting WISE colors, just like the “Stars” in the Figures 4.6 and 4.7. I guess that these
sources do not show any excess in the near infrared and therefore have not been proposed
for YSOs or Orion members yet because they where not sufficiently observed or discussed,
as already stated. Although it has to be noted that some of these stars might just lie in
the line of sight to an IR object observed by WISE and the cross-matching related this
source to the WISE observation.
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Figure 4.5: Larger region as the science field in Orion with over-plotted stars (OTYPE “Star” in Simbad)
which show IR excess in one of the CC diagrams W123, W124 and W12M1, on the dust extinction map
by Lombardi et al. (2011). Zoom in of Figure 4.4.
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Figure 4.6: W123 CC diagrams of the different Object-Types and comparing science (right) and control
field (left). The extinction vector AV is shown in the upper left plot with a length = 30 mag. See text for
more explanation.
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Figure 4.7: Same as in Fig. 4.6 but for the CC diagram W124. Extinction vector AV = 30 mag.
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Figure 4.8: W123 CC diagrams of the different Object-Types in the Orion region. Extinction vector AV
with a length = 30 mag. See text for more explanation.
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Figure 4.9: Same as in Fig. 4.8 but for the CC diagram W124. Extinction vector AV = 30 mag.

Chapter 5
Results
5.1 Identifying the YSO Candidates
To make a selection of possible YSO candidates with WISE photometry I studied the
color-color (CC) diagrams of W123 and W124 using the control field (CF) as reference.
As already mentioned, to have a CF of the same size and at the same galactic latitude
like the science field makes it possible to compare directly and to estimate the unrelated
background. Additionally ancillary data from Spitzer MIPS11 at 24 µm and 2MASS2 are
used. MIPS1 I use to compensate the inferior quality of the WISE W4 band at 22 µm,
therefore I make another color-color diagram similar to W124, calling it W12M1, where
I select sources which have been not selected previously because of the inferior WISE
photometry of W4 and also W3. Finally I added already SIMBAD cataloged sources,
calling them “extra SIMBAD”, which are of a stellar object type but show obvious infrared
excess in the W123, W124 and W12M1 CC diagrams, therefore in the mid-infrared. This
way color-spaces which show any galaxy contamination are not excluded. 2MASS is used
to finally check the selection with various color-color diagrams of JHKS , also combined
with WISE. The NICEST extinction map by Lombardi et al. (2011) gives the value of
extinction of the Orion GMC for the locations of the sources. The WISE preliminary
release source catalog is still of insufficient depth to find all possible YSOs concerning this
method. I also had to be careful how I cut the errors and the different flags, therefore I
only applied the different cuts for the photometry currently used in a CC diagram.
Figure 5.1 explains how I approached the final selection. It shows the different numbers
of the different contributing selecting methods. To get a table of not SIMBAD cataloged
sources all selected candidates are cross-matched with SIMBAD entries using a 4" search
radius. It hast to be noted that there are sources which are already confirmed Orion
members but which are not selected by the chosen WISE color-color diagrams, but this do
not show up in this overview, and there is also a significant number of sources which have
not got a SIMBAD entry yet which are labeled as New YSO candidates.
With the method described in this thesis I found 1687 YSO candidates of which 1001
are SIMBAD confirmed YSO’s and 686 are new ones which are identified here for the first
time3. The detailed approach of this values is explained in the following Sections.
1Reduced by courtesy of Hervé Bouy.
22MASS photometry is provided by the WISE preliminary release source catalog.
3Objects that are not cataloged in SIMBAD and not identified yet.
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Figure 5.1: Overview of how the final selection of new YSO candidates was approached.
5.1.1 WISE Color-Color Diagrams
I have chosen the two color-color (CC) diagrams W123 and W124 because both show
populated and well separated regions that do not occur in the CF at all. In the Figures
5.2 and 5.3 the two diagrams are shown comparing science and control field and with
different error cuts which are already discussed in § 3.2.1. I always used the following basic
cuts: χ2red ≤ 2, saturation ≤ 50% and the blending flag nb ≤ 2 (which gives the number
of sources which were fitted simultaneously) for the bands currently used for a plot. The
diagrams from top to bottom: First the errors are cut at 0.15 mag and next at 0.05. Finally
the frame-coverage (FC) requirement is applied which implies that each source h uld be
observed at least 40% of the total detections with a SNR > 3, whereby I cut the errors
again at 0.15 mag.
The W123 CC diagram is already discussed previously by Koenig et al. (2012) where
they define certain regions as shown in Figure 4.3 (page 31). And the Spitzer CC diagram
in Figure 4.1 from Stolovy et al. (2006) describes a similar situation to the W124 diagram,
which should demonstrate that also this diagram has very distinct color regions for different
YSO classes.
Contamination
The “red” sources which occur only on the very right and lower part in the W123 and
W124 science field diagrams, and therefore are very bright at 12 and 22 microns are most
likely bad photometry caused by infrared emission of the warm nebulous structures and
therefore most of these are not real point sources and should be rejected. It has to be
noted that some confirmed sources also have these colors as could be een in Figure 5.13
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in § 5.3.
The Figures 5.2 and 5.3 show in the middle the CC diagrams for W123 and W124
with an error cut at sigma < 0.05 mag to demonstrate that sources on the right side of
the science field CC diagrams almost disappear and therefore have larger errors. They are
distributed on a wide area around the nebulous structures which suggests that they could
be correlated with emission from the nebulae. I checked them on the WISE images and
almost none of this “strange” sources in the CC diagrams correlate with point sources; the
detections sometimes lie clearly on top of some nebulous structures. Some might be real
detected point sources for instance in W1 and W2 but in W3 and W4 the measurement
might come from diffuse emission covering the same area. But all in all these are very
faint sources. Further evidence for the contamination character of this sources I found by
looking at their 2MASS data, where a significant number is not detected in JHKS or are
very faint and with large errors.
Another contamination factor comes from starburst galaxies. Especially the 12 µm
band is affected by PAH (polycyclic aromatic hydrocarbon) emission/nebulosity which is
very dominant and extensive in star-forming galaxies. This detections are similar to the
point-source-response-function of W3 at 12 µm as mentioned by Koenig et al. (2012),
because it affects a wavelength range from about 7 to 20 µm. PAH emission lines are
common in lower luminosity galaxies (Weedman & Houck 2009). But they are also seen
around luminous YSO’s where strong stellar UV fluxes can excite PAH emission, such as
the Ae star HD 100546 (Malfait et al. 1998).
Various authors, like Hernández et al. (2007) using Spitzer data and Koenig et al. (2012)
using WISE data, suggest to exclude sources that are fainter than about 14 mag at 3.4 µm
(or 3.6 µm concerning IRAC Spitzer) to get rid of faint contamination from extragalactic
sources like PAH galaxies or AGNs. In Section 5.4 I will use this filtering method to get
rid of this possible contaminants. So called AGNs (Active Galactic Nuclei) are possible
contaminants because they are surrounded by absorbing clouds of dust, therefore they
show strong silicate absorption but only weak PAH luminosity (Weedman & Houck 2009).
According to Koenig et al. (2012) they lie at (W1-W2) > 1 mag and (W2-W3) > 3 mag
and could be shifted additionally due to extinction. Another way to identify galaxies is
suggested by Rebull et al. (2011). If the slope of the SED curve increases abruptly at longer
wavelengths they call them “pop-up” SED slopes which they assume to be an indication of
galaxies.
Possible YSO Candidates
The other great difference between science and control field is the elliptically shaped pattern
in the middle of the diagrams which I assume to be good YSO candidates, likely CLASS II
YSO’s in the T-Tauri stage. Also the scattered sources at (W1 - W2) > 1 in the science field
diagram with good photometry are selected as possible candidates and are likely CLASS I
sources. The sources from this two color regions do not disappear completely by cutting
at sigma < 0.05 mag like the faint sources and possible contamination on the right side.
Also they show up along the cloud structures on the map (Fig. 5.15). Although one has to
be careful with the sources at the very top and right part because they are scattered along
the direction of the reddening vector and could be AGNs. The elliptically shaped region is
separated more clearly by using W124 but here are less sources as in W123 because of the
inferior quality of W4 at 22 µm. Also at the bottom of the diagrams there appear sources
which are more dense in the science field. They are selected as possible Class III sources
(at W1-W2 < 0.25 mag). They show only an excess at longer wavelengths (12 and 22 µm)
and therefore could be possible transition disk sources.
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Figure 5.2: W123 color-color diagrams of the WISE bands W1[3.4], W2[4.6] and W3[12] for the Control
Field (left) and Orion A (right). The reddening vector AV is shown in the upper left panel (length =
40 mag extinction). From top to bottom: The first to panels are with errors lower 0.15 mag, χ2red ≤ 2,
sat ≤ 50% and nb ≤ 2 (see text for explanation). The science field CC diagram for sources around
OrionA shows clearly some extra color spaces (see text). The middle panels show additional errors lower
0.05 mag. This should demonstrate that the spurious sources on the right side of the science field plot (W2-
W3 > 4.5 mag) have larger errors and they almost disappear when only using very good photometry. The
elliptically shaped pattern in the middle of the science field plot and the scattered sources at (W1-W2) > 1
are still clearly visible which makes me confident to handle them as good candidates. At the bottom row
the sources are plotted again in the color-color diagram with err < 0.15 mag but with the frame coverage
(FC) requirement that each source should be observed with a SNR > 3 at least 40% of the detections. So
sources are more reliable and it also cleans the right bottom part from possible contaminants. I used these
last diagrams to define the selection.
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Figure 5.3: Same as Fig. 5.2 but for the W124 CC diagram wit W4 at 22 µm instead of W3. The AV
reddening vector is shown with a length = 40 mag extinction. Because W4 has larger errors than W3, the
plots are much less populated, especially the CF with errors lower 0.05 mag has almost no sources left.
Notice the sources at (W2-W4) > 6 mag and (W1-W2) < 1, which are discussed as possible contamination,
almost disappear completely in the middle level panels. The two bottom level panels again represent the
CC diagrams which are finally used for the selection.
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5.2 Selecting YSO candidates according to the CF
5.2.1 WISE - W123 & W124 Color-Color Diagrams
Finally I made the selection with the CC diagrams from the bottom levels in the Figures
5.2 and 5.3. I selected sources inside the borders in the Figures 5.4 and 5.5 using the
control field color-color diagrams as references. The blue horizontal dashed lines indicate a
rough distinction between Class I, II and III sources. I oriented my choice of their location
on Koenig et al. (2012) who made similar distinctions between the different classes (see
Fig. 4.3) whereby I do not use a vertical separation.
Class I: (W1−W2) > 1
Class II: 0.25 ≥ (W1−W2) ≤ 1
Class III: (W1−W2) < 0.25
For this final selection I only used sources with errors≤ 0.15mag, χ2red ≤ 2, a saturation
≤ 50% and only sources with good contamination and confusion flags (cc_flags) for the
bands actually used for a CC diagram4. I left the saturation restriction quite loose so I
do not lose good sources which might get almost saturated in W4. Else I set the blending
flag ≤ 2 which means I also took sources where two objects were fitted simultaneously by
being very close. Otherwise I would lose a significant number of good candidates because
the stars are scattered very dense in massive star-forming regions where numerous stars
form in clusters. Finally the frame coverage depth is applied, as already mentioned, where
I only took sources which were detected on at least five frames and which were observed
more then 40% with a SNR > 3 (w?nm/w?m ≥ 0.4).
With the defined selection criteria I found 897 stars in W123 and 400 in W124 of which
of course some stars are selected in both diagrams whereby 65 where only selected by
W124. Finally by combining both selections I get 962 possible YSO candidates from
this two diagrams (see also Table 5.2). The selection criteria and borders also contain some
sources in the control field color-color diagrams which gives an estimation of contamination
of ∼ 3.5% for W123 and ∼ 1.5% for W124.
4Detailed information about the errors and flags is described in § 3.2.1.
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Figure 5.4: W123: Shown are the same plots like in Fig. 5.2 bottom (error < 0.15 mag) now with the
over-plotted shape for the selection. The left slope crossing the ellipse is parallel to the reddening vector
AV (length = 40 mag extinction) shown in the left panel. The upper slope was chosen according to the
CF. The elliptically shaped pattern is highlighted by the red ellipse which are likely Class II T-Tauri stars.
The blue dashed lines indicate rough borders between the Class I, II and III sources. The selection includes
also sources in the Control Field which gives likely a contamination of 3.5% for this diagram.
Figure 5.5: W124: Same as in Fig. 5.3 bottom level (error < 0.15 mag) with the over-plotted shape of
the selection for YSO candidates. The red slope is parallel to the reddening vector AV with a length =
40 mag extinction. The elliptically shaped pattern is again highlighted by the red ellipse. The selection
includes sources in the Control Field which gives likely a contamination of 1.5% for this diagram.
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5.2.2 WISE & Spitzer MIPS1 - W12M1 Color-Color Diagram
Additionally I made a CC diagram with the Spitzer MIPS M1 band at 24 µm and handled
it in a similar way to the W124 color-color diagram because there is no Spitzer data for the
selected control field. This is a precarious assumption but by comparing the results with
known source there are good candidates in this diagram, and a significant number has not
been selected by W123 or W124, mostly due to the larger errors of this two WISE bands
and the still inferior quality of the WISE preliminary release which is used for this thesis.
MIPS1 photometry at 24µm could be downloaded from IRSA at NASA/IPAC (2011b).
The data was reduced and provided by Hervé Bouy5. He downloaded the basic calibrated
data (BCD), which is pre-processed and the corresponding ancillary products (uncertainty
and coverage maps) and did the post-processing himself and finally extracted the photome-
try using PSF fitting under IDL. So I got additionally 24,911 MIPS1 sources for the chosen
OrionA region of which only 4909 were matching with the whole WISE data (∼ 19.7%).
The magnitudes and errors of W4 at 22 µm and M1 at 24 µm are compared in Figure
5.6. One can clearly see the superior quality of the Spitzer observations where the errors
start to go up only at about 7.5 magnitudes whereby the W4 errors are growing already
at about 4 mag and are also scattered from the beginning. I used for both bands an error
cut of 0.15 mag which corresponds to limiting wavelengths of 7.80 mag and 10.07 mag for
W4 and M1 respectively.
Figure 5.6: Comparing the errors of WISE W4 at 22 µm and Spitzer MIPS M1 at 24 µm.
5Departamento de Astrofísica, Centro de Astrobiología (INTA-CSIC), PO BOX 78, 28691 Villanueva
de la Cañada, Madrid, Spain
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Next I compared the magnitudes in Figure 5.7. The maximum error of the M1 data
provided by Hervé Bouy that matched with WISE lies at 0.182 mag. For the diagram
I took only sources where the error of W4 was lower 0.15 mag. As a consequence the
maximum error of MIPS1 lies at 0.098 mag, which is already like cutting at M1err <
0.1 mag. Going to fainter objects the W4 photometry deviates more strongly from M1,
whereby W4 photometer gets brighter towards fainter sources which might be because the
sources seem to be more extended in W4 due to the inferior resolution. I made the same
plot four times but applied additional cuts for each, from top to bottom: 1) plotted with
an error of W4 lower 0.15 mag, 2) lower 0.1 mag, 3) additionally with χ2red ≤ 2 and 4)
with the requirement that at least 40% of the detection of a source should be with a SNR
better than 3. By getting rid of bad W4 photometry consecutively the differences of the
two bands level out at -0.18 mag which means the WISE 22 µm band detected the sources
generally slightly brighter.
To use the MIPS1 data to find additional YSO candidates which have unreliable W3 or
W4 photometry I made a color-color diagram similar to the W124 diagram by exchanging
W4 wit M1 as shown in Figure 5.8. One can see that the color spaces in the W12M1
CC diagram are much denser scattered, also because there are more sources. Due to the
better resolution of M1 there are more faint sources detected also from the background.
An other obvious distinction could be made for the bright sources in W4 in the W124
diagram which are located as far as (W2-W4) = 9 mag, which show an almost circular
pattern. This pattern dose not occur in W12M1, where only a few scattered sources can
be seen in this range. This fact also substantiates the assumption that these sources are
contaminants observed by WISE.
Because I do not have Spitzer data for the control field I created a shape for the YSO
selection similar to the W123 and W124 shapes, by trying to stand clear from the obvious
galaxy regions. By having the reddening vector AV as derived in Appendix B, a slope could
be defined similar to the WISE diagrams parallel to AV . The boarders for the selection
are shown in Figure 5.9.
By using the additional photometry from Spitzer MIPS1 809 sources are found inside
the selection borders. Of this 420 have not yet been selected by the only WISE color-color
diagrams W123 and W124 from § 5.2.1. Finally combining the only WISE selection of 962
sources with the additional 420 W12M1 sources gives 1328 sources which are found with
the YSO selecting method developed in this thesis.
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Figure 5.7: Comparing W4 at 22µm with Spitzer MIPS1 at 24µm. From top to bottom: 1) plotted
with an error of W4 < 0.15 mag, 2) with errors < 0.1 mag, 3) additionally with χ2red ≤ 2 and 4) with the
requirement that at least 40% of the observations of the sources should be with a SNR > 3. The mean
values of (W4-M1) are at (-0.60 ± 0.82) mag, (-0.40 ± 0.67) mag, (-0.23 ± 0.36) mag and (-0.18 ± 0.24)
mag respectively.
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Figure 5.8: Comparing the color-color diagrams W124 and W12M1. Both show a reddening vector AV
of length = 40 mag extinction. The error cuts for W1 and W2 are the same as described for the previous
diagrams in § 5.2, and M1err < 15 mag. It is clear that the inclusion of MIPS1 substantially improves the
detection of sources in this CC diagram.
Figure 5.9: W12M1 CC diagram like in Fig. 5.8 right. The red shape gives the selection borders for the
YSO candidates. The blue dashed lines indicate the separation between Class I, Class II and Class III
sources as already shown in the Fig. 5.4 and 5.5. (AV reddening vector length = 40 mag)
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5.3 Adding Cataloged Sources
Taking the control field as reference I selected only stars which do not overlap with galaxy
color regions. In this manner a significant number of possible further candidates is lost. But
at least sources can be added which are already cataloged as a stellar object type and which
show color excess in the WISE CC diagrams. These sources will be also considered as still
young stars. This information is crucial to the understanding of the spatial distribution of
young star and its relation to the dense molecular gas in the Orion region.
So I simply cross-matched all cataloged sources with stellar object types, as given by
SIMBAD, above a certain value of (W2-W3), (W2-W4) or (W2-M1) as indicated by the
vertical dashed lines in the color-color diagrams shown in the Figures 5.10, 5.11 and 5.12,
were the different cataloged sources are plotted. I chose the photometric restrictions for
this sources more loosely because they are already confirmed. So I included sources with
χ2red < 3 and where up to three sources could be fitted simultaneously by WISE (nb ≤ 3,
see § 3.2.1), thus I included also more dense clustered sources because YSO’s often form in
clusters. Else I did not apply the frame coverage restriction, that more than 40% should
be detected with SNR > 3 whereby I still only took sources which have been detected at
least five times.
The added sources have the following object types: YSO, Candidate YSO, Em* (Emis-
sion Line Star), Flare* (Flare Star), *inCl (Star in Cluster), *inNeb (Star in Nebula), V*
(Variable Star), Irregular V*, Orion V* (Orion Variable Star), TTau* (T Tauri Star) or
simbly Star. Some already confirmed YSOs have bluer colors than the selection criteria in
the W123 and W12M1 CC diagrams, that means (W2-W3) < 0.7 mag or (W2-M1) < 0.8
mag. These could be already evolved Class III sources or even misinterpreted which has
to be clarified as a future work. The YSOs in the W124 diagram are all selected.
The total selected stars from this diagrams count 972, thereof 403 additional sources
are gained which are added to the YSO candidate sample.
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Figure 5.10: W123 CC diagram plotted with known SIMBAD cataloged sources. The different object-
types are given in the panels. The reddening vector AV is shown with length = 40 mag. All stars with
(W2-W3) > 0.7 mag (right to the dashed line) are added to the YSO-Candidates list (whereby there are
already confirmed YSOs).
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Figure 5.11: Same as in Fig. 5.10 but for the W124 CC diagram. The reddening vector AV is shown
with length = 30 mag. All stars with (W2-W3) > 1 mag (right to the dashed line) are added to the
YSO-Candidates list.
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Figure 5.12: Same as in Fig. 5.10 but for the W12M1 CC diagram which is combined with Spitzer MIPS1
at 24 µm. The reddening vector AV is shown with length = 40 mag. All stars with (W2-M1) > 0.8 mag
(right to the dashed line) are added to the YSO-Candidates list.
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The distribution of the 403 additionally gained “extra SIMBAD” sources in the W123
color-color diagram is shown in Figure 5.13. There is a significant number of sources which
fall in the color regions which have been already selected previously. This could be ex-
plained by the less strict error cuts that are applied on this sample as already explained.
Even if they are already cataloged some of the found candidates should be handled care-
fully. The Class III sources at (0,0) and one Class I source at W2-W3 at almost 0 are
likely selected by one of the two other diagrams (W124 or W12M1). On this diagram it
looks like as if that one very left Class I source has very high extinction, almost 50 mag,
therefore it could be a background star. Some Class III sources look very similar to normal
photospheres because their infrared excess is very weak as described in § 1.2 and visualized
in Figure 1.1 There are Class II and Class III sources with very high extinction at 12 µm
that lie in the PAH contaminated region and even beyond. The Class III sources in this
part might be YSO’s with transition disks where the disk lies more far away from the star
and the excess is only observed weakly and at longer wavelengths.
Figure 5.13: The additional 403 “extra SIMBAD” sources found by including already SIMBAD cataloged
stellar objects with infrared excess. The reddening vector AV is shown with length = 30 mag.
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5.4 Complete Sample of YSO Candidates
With the three color-color diagrams W123, W124 and W12M1 and using the control field
as reference I found with the certain error and flag cuts according to Section 5.2 1382
sources inside the selection borders. Whereby sources are included which were fitted with
up to two sources simultaneously (they make up 26.6%, 368 sources). Of this 1382 sources
1284 are brighter than 14 mag in W1. This is the AGN exclusion from Koenig et al. (2012).
In Figure 5.14 the color-magnitude diagram of (W1-W3) vs W1 is shown with the selection
from Section 5.2 whereby the cut at W1 = 14 mag is drawn as a dashed line. One can see
that some of the rejected sources overlap with sources which have the same colors in the
control field (grey background). So I rejected 98 source and 1284 are left, including 359
where two sources where fitted simultaneously.
Figure 5.14: Color-magnitude diagram of (W1-W3) vs. W1. The sources are splitted in Class I (red),
Class II (green) and Class III sources (blue) over-plotted on the control field (grey). The dashed line
indicates the AGN exclusion as suggested by Koenig et al. (2012). Consequently 98 sources are rejected
with W1 > 14 mag which clearly overlap with sources that appear in the control field. The reddening
vector AV is shown with a length = 20 mag.
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Of the finally selected 1284 sources 598 are already cataloged in Simbad (46.6%).
The rest 686 (53.4%) are unknown objects. These are the new identified YSO candidates.
Using only the twoWISE CC diagrams W123 and W124 and the selection method (§ 5.2.1)
I found 891 candidates and by using the CC diagram combined with MIPS M1 (W12M1, §
5.2.2) I gained 393 sources additionally. Only 10 of the sources are not observed by 2MASS
and 1207 (94%) have relatively good photometry in JHKS . The cataloged sources are of
different object-types given by Simbad. The amount and fraction of each type is listed in
Table 5.1 in the left columns.
Table 5.1: The amount and fraction of each object-type as given by SIMBAD of the already cataloged
selected 598 YSO candidates from the first selection according to § 5.2, and the total 1001 SIMBAD
cataloged sources of the total sample which includes the “extra SIMBAD” sources. Notes: “*” stands for
Star. V* - Variable Star, *inCl - Star in Cluster, *inNeb - Star in Nebula, Em* - Emission Line Star, IR -
InfraRed source, TTau* - T-Tauri Star, SB - Spectroscopic Binary, X - X-ray source. The cursive marked
sources in the right column where not included in the “extra SIMBAD” search.
Object-Type Count - 1st 598 % Count - Total 1001 %
Orion V* 250 41.8 383 38.3
*inCl 88 14.6 159 15.9
YSO 59 9.9 100 10.0
Flare* 50 8.4 83 8.3
Em* 40 6.7 58 5.8
V* 36 6.0 59 5.9
Star 29 4.8 70 7.0
*inNeb 14 2.3 45 4.5
IR 9 1.5 “9” 0.9
TTau* 5 0.8 5 0.5
Irregular V* 4 0.7 14 1.4
SB 4 0.7 “4” 0.4
X 4 0.7 “4” 0.4
Candidate YSO 2 0.3 4 0.4
Part of Cloud 1 0.2 “1” 0.1
Rapid Irreg V* 1 0.2 “1” 0.1
low-mass* 1 0.2 “1” 0.1
Radio (sub-mm) 1 0.2 “1” 0.1
In Section 5.3 I selected sources by taking only already SIMBAD cataloged sources
with certain star-object-types which show infrared excess in the WISE color-color dia-
grams, therefore in the mid infrared. I found 972 sources of which 569 are already in the
previous selection, therefore I gained 403 extra sources (calling them “extra SIMBAD”).
So the final complete sample counts 1687 YSO candidates.
Taking the 569 sources, which where selected by the selection shape and by the SIMBAD
object-type-diagrams, into account I found 715 SIMBAD cataloged sources by only using
the selecting method from § 5.2 with the control field as reference. In this 715 sources
are still some SIMBAD cataloged objects which I did not chose when I selected “extra
SIMBAD” sources because their object type is not obviously a stellar source and some fell
behind the defined border. I did not select sources with object types: X, SB (Spectro-
scopic Binary), IR (InfraRed Source), Radio(submm) sources, Part of Cloud, low-mass*
and Rapid Irregular V*.
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There are 582 sources in OrionA which are already cataloged as “YSO” (347) or “Can-
didate_YSO” (235) but do not fall in any of the selections, partly because they were not
observed by WISE at all. Most of this sources fall along L1641 and at the location of
the Orion Nebula, where the WISE photometry is saturated especially in the W3 and W4
band. All the sources which are cataloged YSO’s and not selected in this thesis, are located
on top of the high extinction regions, I guess also because previous YSO surveys focused
on the obvious star forming regions. Further there are 1082 SIMBAD cataloged sources
with the object type “Orion_V*”, therefore Orion members, which are not included in the
selection. They are scattered more widely around the ONC than the YSOs.
Finally there are 686 completely NEW detected sources and 1001 SIMBAD cata-
loged ones in the 1687 complete YSO candidate sample. The new sources are listed
in Table D.1 in Appendix D beginning on page 86 and the already cataloged sources in
Table D.2 beginning on page 99. With this sample I confirmed 100 “YSO” and 4 “Can-
didate_YSO” cataloged sources as given by SIMBAD (see also Table 5.1 right columns).
Table 5.2 gives an overview of the found YSO candidates concerning the different selections
made in the previous Sections, and also the amount of Class I, II and III sources for each
sample is presented.
Table 5.2: Overview of the selected YSO candidates from the different samples selected from the CC
diagrams. 1) the result of the W123 & W124 CC diagrams, 2) the additionally selected candidates from
W12M1 using MIPS1, 3) the combined W123, W124 and W12M1 results but already reduced by applying
the W1>14 mag restriction (according to Koenig et al. 2012), 4) the “extra SIMBAD” added sources and
5) the total number which is the combined sample of the columns 3 and 4. Finally 6) the amount of the
New sources and 7) the amount of the already SIMBAD cataloged sources of the TOTAL 1687 sample are
listed. Note, the Class III sources could also include transition disk objects. For the last three columns
also the percentage of the three classes is given relative to the total amount of each column.
1) W123 2) additional 3) W1<14 mag 4) extra 5) TOTAL 6) NEW 7) SIMBAD
YSOs & W124 W12M1 W123+4+M1 SIMBAD YSO cand YSO cand cataloged
all 962 420 1284 403 1687 686 1001
Class I 105 22 95 38 133 8% 72 10% 61 6%
Class II 546 348 867 193 1060 63% 378 55% 682 68%
Class III 311 50 322 172 494 29% 236 34% 258 26%
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5.5 Distribution of the YSO Candidates - Visualized
The following Figures 5.15, 5.16 and 5.17 show the distributions of the different classes
of the selected YSO candidates from Sections 5.2 and 5.3 by over-plotting on the dust
extinction map by Lombardi et al. (2011). The classes are separated by colors whereby
red are Class I, green are Class II and blue are Class III sources. First I plotted them
separately to see clearly where the different sources are concentrated and at the bottom of
each figure one can see the combined sources. Especially the Class III sources are better
resolved this way because now one can see that they seem to be homogeneously scattered
around the ONC without getting denser along the cloud structures.
The first map (Fig. 5.15) shows the distribution of the 1284 sources found with the
selecting method using the control field as reference as selected in § 5.2. Figure 5.16 shows
the distribution of the 403 “extra SIMBAD” sources found in Section 5.3 where I added
all SIMBAD cataloged sources which show infrared excess in one of the three color-color
diagrams (W123, W124 and W12M1) and which had a cataloged object-type related to a
star. By this I am not excluding any stellar sources that fall in color regions where also
galaxies fall according to the control field, and therefore fell behind the selection borders
concerning the first selection. In Figure 5.17 I show the total selected 1687 YSO candidates
combined of the two previous selections.
One of the main goals of this thesis was to find new YSO candidates, therefore I show
the distribution of the 686 new identified candidates in Figure 5.18.
In Figure 5.19 the complete sample is shown on the WISE 12µm image which was composed
as courtesy by Stefan Meingast using Montage6.
Finally in Figure 5.20 an RGB image composed of W3, W2 and W1 is shown (image
courtesy by Stefan Meingast) first with contours, second with the over-plotted complete
sample (yellow dots)and finally blank to uncover the underlying structures. The Orion
Nebula can be spotted clearly at l ∼ 209◦. Its brightness made it impossible for WISE
to detect the stars in its center. The large filamentary structure in the whole area is
nicely visible whereby to the west of the molecular cloud (below in the images) no infrared
emission at 12 µm is visible, but still a significant sample of selected candidates can also
be seen in this area.
Figure 5.21 shows again the RGB image with the over-plotted YSO candidates (yellow)
and some prominent L1641 regions are marked (white circles), which are also labeled in
Figure 2.4 in § 2.1.2. The marked regions are from north to south: L1641-N, NGC 1999
including V380 Ori, L1641-C, HBC 494, DL Ori, L1641-S including HD 38023.
6This thesis made use of Montage, funded by the National Aeronautics and Space Administration’s
Earth Science Technology Office, Computation Technologies Project, under Cooperative Agreement Num-
ber NCC5-626 between NASA and the California Institute of Technology. Montage is maintained by the
NASA/IPAC Infrared Science Archive.
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Figure 5.15: W123, W124 & W12M1 Selection: The distribution of the 1284 sources according to the
selection developed in this thesis using the CF as reference (§ 5.2) from the W123, W124 and W12M1
color-color diagrams, separated into the three classes. The upper three panels show the different classes
separately to resolve their special distribution more clearly. From top to bottom: Class I (red), Class II
(green), Class III (blue) and finally all three classes are combined, over-plotted on the dust extinction map
by Lombardi et al. (2011). The color-bar gives the extinction AK .
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Figure 5.16: “Extra Simbad”: Same designations as in Fig. 5.15 but now only the 403 sources are shown
which I gained by adding “extra SIMBAD” cataloged sources by selecting stellar object-types with infrared
excess as selected in § 5.3 using the color-color diagram W123, W124 and W12M1. Hence I did not consider
the selection shape according to the CF like applied in § 5.2.
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Figure 5.17: Complete sample: Same as in the previous figures but now both selections are combined
and all 1687 sources are shown.
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Figure 5.18: Only NEW candidates: Same designation as in the previous figures but now only the newly
found 686 YSO candidates are mapped, which are not yet cataloged in SIMBAD.
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Figure 5.19: Complete sample (1687 sources) on the WISE 12 µm image separated into the tree classes,
colors as before. Image courtesy of Stefan Meingast.
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Figure 5.20: W3,2,1 RGB image (image courtesy Stefan Meingast). From top to bottom: with contours
from the dust extinction map by Lombardi et al. (2011) (at 1, 0.5, 0.2 AKS ), with the over-plotted complete
sample and finally blank to uncover the structures.
5.5. DISTRIBUTION OF THE YSO CANDIDATES - VISUALIZED 65
F
ig
u
re
5.
21
:
T
he
16
87
Y
SO
ca
nd
id
at
es
(y
el
lo
w
do
ts
)
ar
e
pl
ot
te
d
an
d
al
re
ad
y
kn
ow
n
pr
om
in
en
t
re
gi
on
s
in
L
16
41
ar
e
m
ar
ke
d
(w
hi
te
ci
rc
le
s)
,w
he
re
by
th
is
re
gi
on
s
ar
e
la
be
le
d
in
F
ig
ur
e
2.
4.
Fr
om
no
rt
h
to
so
ut
h
(r
ig
ht
to
le
ft
):
L
16
41
-N
,N
G
C
19
99
in
cl
ud
in
g
V
38
0
O
ri
,L
16
41
-C
,H
B
C
49
4,
D
L
O
ri
,L
16
41
-S
in
cl
ud
in
g
H
D
38
02
3,
w
hi
ch
is
th
e
m
os
t
m
as
si
ve
st
ar
of
L
16
41
.
W
he
re
by
th
e
la
rg
er
ci
rc
le
s
ar
e
th
e
pr
om
in
en
t
re
gi
on
s
L
16
41
-N
/C
/S
.

Chapter 6
Discussion & Conclusion
6.1 Discussing the Selecting Method
With the selecting method developed in this thesis I was not able to find all possible YSO
candidates which were sensitive to the WISE preliminary release data because it is based
on using the control field as reference and therefore I lose possible candidates which might
fall in the color-regions which are as well populated by galaxies in the control field as shown
in the different color-color diagrams in § 4.
The Class III color-region is populated mostly by spirals as identified in Figure 4.2. But
when comparing the science and control field CC diagrams of W123 and W124 with the
chosen error cuts in the Figures 5.4 and 5.5, only an insignificant number of sources falls in
the control field inside the borders of the selection shapes, especially for W124. Therefore
I could be quite confident that the contamination due to spiral galaxies in the Class III
region is relatively low. But still I could not prevent possible contamination because the
sources are almost homogeneously scattered in the region with low extinction. So I can
not rule out that some identified YSO candidates are actually galaxies which could have
similar colors and SEDs. But mostly the galaxies should be among the fainter sources
and due to the extinction of the cloud the scattered sources around OrionA probably are
more likely contaminated by them whereby one has to be careful with some holes in the
interstellar clouds or very reddened sources due to extinction.
Looking again at the W123 and W124 color-color diagrams in the Figures 5.4 and
5.5, one can see that the sources with almost no excess in W2 compared to W1 but with
increasing excess in W3 or W4 could be transition disks. They appear fainter by having
larger errors and by going to higher values in the (W2-W3) or (W2-W4) (Fig. 5.2 and 5.3
middle level panels). Transition disks are at a greater distance to the star and might be
also already thinner and therefore the infrared excess they produce is quite weak and could
be only seen at longer wavelengths.
Further the distinction between the three classes if very rough and the found classes
should be handled carefully. Nevertheless they are discussed according to this applied
separation because even with this rough distinction a significant difference gets apparent
when looking at the distributions on the already presented maps.
6.2 Distribution of the Selected YSO Candidates
Comparing the distributions of the selection developed in this thesis (§ 5.2) with the “extra
SIMBAD” selection from § 5.3 (Figures 5.15 and 5.16) one can see that the sources from the
latter selection are located more around the ONC region. This is consistent with the fact
67
68 CHAPTER 6. DISCUSSION & CONCLUSION
that this region was already subject to many observations whereby the surroundings around
OrionA and very southern parts of L1641 are essentially not surveyed yet. Therefore I
wanted to show the two samples separately, otherwise the appearance of the distribution
would be slightly distorted. What I am trying to say is that the region around the ONC
would seem to be even more populated just because its better surveyed. This can be seen
when looking on the map with the complete sample (Fig. 5.17) where the region around the
ONC looks a bit more crowded. But also the distribution of the first selection according
to the CF is a bit distorted because of using MIPS1 from Spitzer which surveyed only the
obvious cloud regions. MIPS1 actually added sources close to the ONC where the W3 and
W4 photometry are saturated due to the bright Orion Nebula. But including MIPS1 did
not change much the overall image of the distributions of the three classes.
Looking now at the distribution of the three Classes on the map in Figure 5.17 they
are differently scattered, almost as expected. The Class I sources fall nicely on top of the
cloud, Class II’s are already more scattered but still quite correlated to the hight extinction
regions, but when looking at the Class III sources they are widely scattered around the
ONC whereby south-east to L1641 (upper left part in the images) are almost no selected
YSO candidates. This makes me confident that the selection method is picking real young
stars because if the Class III’s were dominated by contamination of background objects,
also the southern region should show much more selected sources. Though one has to
careful with the fainter sources because some of these detections might come from some
diffuse infrared emission from the cloud. Looking at Figure 5.19 showing the W3 image
and the over-plotted three classes, and also at Figure 5.20 in the middle where the whole
YSO candidates are shown on an RGB image of W3,2,1, one can see that some sources fall
along the filamentary structures of the cloud. Therefore the detections could be correlated
with diffuse emission from some of the filaments. But lying along this structures dose not
exclude the sources to be YSOs, actually thereby they are more correlated to the cloud.
Those filaments detected in W3 at 12 µm are actually not very dense when comparing this
regions with the dust extinction map from Lombardi et al. (2011). Maybe the clouds out of
which the YSO’s once formed is already dispersed. But the origin of the Class III sources
is not very clear. They might come from the Orion Nebula Cluster or from parts of L1641.
But the ONC is a quite young cluster (< 2Myr) and therefore it is much more likely that
they formed in other parts. Assuming that Class III source are already about 107 years old
one can estimate a velocity1 for a star at a distance of 15 parsecs away form the cloud of
about 1.5 km/s, which lies in a reasonable range. Another possibility for this sources could
be that the cloud in which they formed is already dispersed and therefore they lie now in
a low extinction region, as already mentioned. They also could be a completely different
population, maybe lying in front of the ONC. As described in Chapter 2, the loose clusters
NGC 1980 and NGC 1981 are assumed to lie at least 10 pc in front the cloud. Maybe some
of the found Class III sources are correlated to this clusterings.
There are only five Class I sources in Figure 5.15 which are located far away from the
cloud and which are likely contaminants. I do not include the ones in the upper right corner
as scattered because they could be associated with σ Ori (see below). This five sources
have no match from SIMBAD but they are observed by 2MASS, their WISE photometry
looks quite good, and they show some variability. If they are contaminants this leads to
5.3% contamination of the Class I’s found by the selection according to the CF from § 5.2.
But if they are real Class I sources and if they origin from the cloud they are about 10 to
20 parsecs away from their birthplaces. So this leads to velocities of about 20 up to 200
km/s by assuming that Class I sources are only about several 105 yr old. This velocities
1Roughly one can say that 1 km/s ≈ 1pc/1 Myr.
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are much too high for low-mass stars assuming that mainly very massive stars are observed
with very high velocities. It has to be noted that four of them have only slightly more
excess than (W1-W2) = 1, which is the border for the Class I/II separation used in this
thesis, so they also could be misclassified Class II’s.
South to the ONC, below Orion A on the map with galactic coordinates in Figure 5.17,
appears an interesting crowding of some sources consisting mainly of Class II candidates
and also a few Class III’s. This denser distribution could origin from the ONC being
10 to 15 parsecs away from the cluster. At that distance they must have velocities of
about 7 km/s considering that Class II sources are approximately only several 106 yr old.
The mean radial velocity for the ONC region lies at about 10 km/s (Tobin et al. 2009).
Members of the ONC could have radial velocities up to 40 km/s, though these velocities
are not very common (Fűrész et al. 2008). The strange thing still is, that they are only
located to the south of the cluster whereby west to the ONC there are far less Class II
candidates visible. This might be caused by some internal complex dynamics of the ONC
an the HII region. Actually it follows the opening of the Orion Nebula, the so called bay
which extends to the south and towards the earth (Balick et al. 1974). Therefore their
scattering in this preferred direction might be explained by the structure and dynamics of
the ONC.
Another interesting pattern occurs in the upper right corner of the images, where
the young cluster σ Ori is located which belongs to the OB1c subgroup as explained in
Chapter 2. The WISE selection shows a dense distribution of Class II sources in this part
but almost no Class III sources and only two Class I sources. This correlates to the quite
young age of the OB1c subgroup of only several million years. So the denser distribution
in this part also proves the quality of the developed selecting method.
The YSO candidates selected in this thesis show a dense clustering of Class I’s at the
OMC-2/3 region and a significant number of Class II sources located at NGC 1977 as could
be seen in Figure 5.19 and 5.21. This to regions are counted to the OB1c subgroup, as
defined by Blaauw (1964), with 2 to 6 Myr. Because of recent observations of very young
sources in OMC-2/3 e.g. by Jin et al. (2001) and my findings this two regions might be
younger than the OB1c group. I would rather count them to the OB1d subgroup which is
estimated to be at most 2 Myr old. Maybe they could be assumed to be even a younger
subgroup than the already defined ones by Blaauw (1964). Also possible Class III sources
are located in this parts, but more scattered, which could also be a foreground clustering
belonging to NGC 1980 or 1981.
Figure 5.21 displaying the WISE RGB image and the found YSO candidates (yellow)
shows some marked prominent L1641 regions (white circles). Going further to the south
there are essentially unobserved regions, until now. The YSO candidates selected in this
thesis show a denser distributions a bit south-west to L1641-S where an even larger re-
flection nebulosity at about RA/Dec (5h40m50s, −9◦22′) is located, as already mentioned
in Chapter 2.1.2 when talking about L1641. The only named molecular cloud object in
this region is M3T 24 (Maddalena et al. 1986) which shows a distribution of a significant
number of Class II sources from the sample selected in this thesis. South to this nebula
seems to be an even denser distribution of YSO’s comprising mainly Class I and Class II
sources. This findings could be actually new distributions and clusterings of YSO’s that
are not named yet.
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6.3 Color-Color & Color-Magnitude Diagrams
2MASS JHKS
In this section I first investigate the JHKS color-color (CC) diagrams for the sample selected
in this thesis. The idea is to confirm that the distribution of the different YSO classes fall
where expected for this diagram. The main properties and facts of the JHKS CC diagram
are presented in Appendix C. The sources selected in § 5.2 are plotted in the JHKS CC
diagram over sources from the control field (grey) as seen in Figure 6.1 in the upper panel
and the complete sample is shown below, which contains additionally the added “extra
SIMBA” sources from § 5.3. The classes are distinguished between Class I (red), Class II
(green) and Class III (blue) sources. It has to be noted that the candidates are all selected
fromWISE diagrams, therefore they could have larger errors in JHKS than 0.1 mag, which
is the approximate limit for good 2MASS photometry. Subsequently there appear to be
more scattered sources than in Figure C.1 top right on Page 84, especially concerning the
Class I sources.
Plotting the selection according to the CF separately from the complete sample should
demonstrate that the first selection shows less scattered sources. The lower panel including
the extra SIMBAD sources shows two Class I sources very close to the lower part of the
main sequence. Also the Class III’s do not look so nicely correlated anymore but this is
negligible. In
Figure 6.2 the different classes are separated to better resolve the overlapping regions
whereby the complete sample is now shown on the right side and the first selection left. Also
the reddening band is displayed whereby only extincted sources are supposed to fall inside
and along this band. Now one can see clearly that the possible Class III candidates look
like main-sequence stars in JHKS . The Class II sources seem to start from the horizontal
branch of the main-sequence and lie mostly along the reddening band. Most of the Class
I sources are located right to the reddening band in the JHKS CC diagram which was an
indication for YSOs before the space infrared observations where available.
2MASS & WISE
Next I investigate the sample on color-color diagram combined of theWISE bands W1,2,3,4
with 2MASS JKS , namely KS-WISE versus J-KS as shown in Figure ??. Going from W1
to W4 reveals more and more the infrared excess of the selected YSO candidates. The
sources lie to the right of the reddening band more obviously in the diagrams combined
with W3 and W4. The two left panels for W1 or W2 are similar to the JHKS diagram
(Fig. 6.2) where the Class III sources seem to be main-sequence stars. Only in the two
right panels for W3 and W4 the Class IIIs start to depart from the main-sequence. In all
four examples the three classes of selected YSO’s fall in the expected color-spaces, whereby
Class II and Class III sources have wide overlapping color regions.
In the last panel with W4 the sources are scattered with a large gap to the control
field sources. In this last panel there are also some very red control field sources at about
KS-W4 between 6 and 9 mag, only slightly visible behind the YSO candidates. These
could be AGNs or starburst galaxies. The removed sources, as described in § 5.2, which
are fainter than 14 mag in W1 are also located around this region when plotting in this
diagram and therefore I assume this cut was reasonable.
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Figure 6.1: JHKs color-color diagram with the YSO candidate samples found in this thesis. They are
separated between possible Class I (red crosses), Class II (green diamonds) and Class III (blue rectangles)
sources, plotted over the control field (grey). The main-sequence and giant branches are red highlighted.
The upper panel shows the distribution for the selected sources according to the control field from § 5.2
(1284 sources) and the lower panel shows the complete sample (1687 sources) including extra SIMBAD
sources.
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Figure 6.2: Same as in Fig. 6.1 now with separately shown Classes to resolve the overlapping regions, and
the 1284 sources from the selection according to the CF are shown on the left and the complete sample on
the right panels. The reddening vector AV is shown with a length = 10 mag and also the reddening band
which is parallel to the vector.
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Figure 6.3: Same as in Figure 6.2 but for (KS-WISE) vs. (J-KS) CC diagrams. Each panel shows an
AV extinction vector with length = 7 mag.
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Teixeira et al. (2012) demonstrated how different disk properties behave in a diagram
composed of (KS-[24]) vs. αIRAC shown in Figure 6.4 whereby she observed the young
cluster NGC 2264 using Spitzer data. [24] is the MIPS M1 band and αIRAC is the slope
in the SED curve between the Spitzer IRAC bands [3.6] and [8]. Therefore this diagram
could be also plotted with ([3.6]-[8]) instead of the slope value. I adapted this for theWISE
colors which leads to a (KS-[22]) vs. ([3.4]-[12]) color-color diagram shown in Figure 6.5.
But because of the greater difference of 3.4 to 12 µm (compared with 3.6 to 8 µm) on the y-
axis the sources might get more scattered. Figure 6.5 shows first the selection according to
§ 5.2 and the lower panel shows the whole sample including the “extra SIMBAD” selection
from § 5.3. The Class III sources in the complete sample show most obviously a more
scattered color space than in the diagram with the first selection.
Teixeira et al. (2012) defined spaces in the diagram that depend on the properties of
the inner and outer disk. In the upper left corner are sources with optically thick inner
and outer disks. Comparing this with the similar WISE diagram in Figure ?? this region
might correspond to the green Class II sources. The second vertical dashed line should
also lie at about (KS-[22]) = 3.5 mag, approximately where the denser part of Class II’s
start. The upper horizontal line could be placed approximately at ([3.4]-[12]) = 2. So
this should be stars with high accretion rates because of the dense inner disk and should
therefore be observable with Hα emission lines. Actually already cataloged emission line
stars could be found in this region. But still a significant number of sources which were
classified as Class III sources by the selecting method are overlapping with the Class II
sources and are in the region with thick inner and outer disks. They even overlap with
Class I’s. Further there are, like in the (Ks-W4) vs. (J-Ks) diagram, also control field
sources with very red colors that overlap with YSO candidates. Especially the lower panel
which shows the complete sample shows more Class II and Class III sources in this region.
To get an accurate prediction one has to study this sources more detailed and look at their
SEDs or even gain some additional observations.
Figure 6.4: Disk populations of
the young cluster NGC 2264 in a
(KS-[24]) vs. αIRAC diagram for
sources with no IRAC disk (plus
symbols), sources with IRAC
anaemic inner disks (open cir-
cles), and sources with thick inner
IRAC disks (filled circles). The
plot is divided into nine sectors
by grey dotted horizontal lines
and vertical dashed lines (follow-
ing Cieza et al. 2008). Sources
that were identified as candidate
transition disks are marked ad-
ditionally by open squares. Fig-
ure and caption by Teixeira et al.
(2012).
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Figure 6.5: (KS-[22]) vs. W1-W3 CC diagrams with the three classes of the YSO candidates, same
symbols as before, the control field is over-plotted with black dots. Upper panel shows the selection
according to § 5.2 and the lower panes the total samples. It is similar chosen to Fig. 6.4 from Teixeira et al.
(2012). Note that the x-axis in Fig. 6.4 ends already at about 9 mag while in the Orion sample it is shown
until (KS-[22]) ∼ 12 mag. The AV extinction vector is shown of length = 20 mag.
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In Figure 6.6 I show the CM diagram already discussed in § 5.4 where I cut sources
which are fainter than W1 = 14 mag. Now the final selection is shown (1687 sources)
separated into the different classes (symbols as before). There are some sources which
are still fainter than W1 = 14 mag which are selected in § 5.3, where specific cataloged
object types were included. Because they are already cataloged they could still be good
candidates and I did not remove them.
Figure 6.6: (W1-W3) vs. W1 color-magnitude diagram with the selected YSO candidates, same symbols
as before, the control field is plotted with grey dots (Reddening vector AV = 20 mag).
6.4 Final Summary & Future Work
Concluding I found 1687 YSO candidates of which 1001 have already been cataloged pre-
viously in SIMBAD and 686 are new candidates for young stellar objects which are not
identified in and around OrionA. But a large number of the known SIMBAD cataloged
sources are not yet confirmed YSOs and therefore are also listed in an catalog added to
this thesis (Table D.2).
The new 686 candidates comprise 72 Class I, 378 Class II and 236 Class III sources (10.5%,
55.1% and 34.4% of the 686 sources, respectively) and the 1001 SIMBAD cataloged sources
comprise 61 Class I, 682 Class II and 258 Class III sources (6.1%, 68.1% and 25.8% of the
1001 sources, respectively) like also listed in Table 5.2 on page 57. Comparing the percent-
ages one can see that the selection developed in this thesis has a higher amount of Class
I’s than the SIMBAD cataloged sources. This might be explained because previous all-sky
6.4. FINAL SUMMARY & FUTURE WORK 77
surveys of this region may not have this high sensitivity like WISE in the MIR, like done
by IRAS or DIRBE, and the Spitzer data from IRAC and MIPS is not fully published yet.
Additionally previous studies were done essentially in the Optical and NIR (2MASS) so
they were not very sensitive to Class I sources. On the other hand the amount of Class II’s
from the SIMBAD cataloged sources is significantly higher than that of Class III’s, com-
pared to the new YSO sample, which might be due to the fact that previous observations
were focused on the cloud regions where are likely more Class II’s. Generally the Class
II sources are dominating which can explained partly by the selection method discussed
here. First the Class III color region in the diagrams might be contaminated by galaxies it
was therefore not completely selected, also the contribution W12M1 CC diagram includes
much less Class III’s because of the more stringent borders which I applied because of the
lack of a control field for Spitzer, therefore not all possible candidates are picked by the
method developed in this thesis. Maybe the Class III sources overlap more with the PAH
contaminated region and therefore are less selected whereby the Class II sources lie mostly
in the elliptically shaped pattern of the W123 and W124 color-color diagrams which is
fairly complete selected. Also one has to consider the imprecise separation between the
classes according to certain (W1-W2)-colors (see § 5.2) and the photometric errors.
Looking at the differently composited diagrams presented in § 6.3 and § ?? the classes
are often widely overlapping. But when looking again at the different maps in § 5.4 one
can see that the distribution of the different classes shows clearly a different pattern. At
least this makes me confident that my approach is going into the right direction.
Looking at Figure 5.18 which shows only the NEW discovered 686 YSO candidates
one can see what great potential lies in the WISE data in identifying and separating the
different population of young stars. Further investigations and observations should be done
to confirm the candidates, like studying their SEDs and doing some spectral analysis and
radial velocity measurements. For example detecting Hα-emission lines in some spectra
would be a confirmation for a YSO still accreting matter from the disk. Also the already
existing Spitzer data from IRAC and MIPS could be used to study the sources along L1641
and the ONC.
As a future work I will study the spectral energy distributions (SEDs) of some sources
with sufficient photometry from the optical to the mid-infrared which could be obtained
by SDSS, 2MASS, WISE and Spitzer to confirm candidates using VOSA from the Spanish
Virtual Observatory (SVO) (Virtual Observatory Sed Analyzer, Bayo et al. 2008). This
thesis still used the WISE Preliminary Release Products because the All-Sky release was
only available end of March 2012. As a next step I will use the WISE All-Sky Release to
see how much more candidates could be gained with the complete data using the method
developed in this thesis. A quick check of the All-Sky release already shows that there
is still some potential in the WISE data to find more YSO candidates. Therefore I am
looking forward to great insights on this unique Star Forming region, that could still be
revealed by the All-Sky survey.

Appendix A
Calculating the size of the regions
I calculated the exact area of the science and control field (CF) by using spherical trigonom-
etry. The distances between two points of a polygon in degrees are calculated with the
formula for the angular separation
cosx = sin δ1 sin δ2 + cos δ1 cos δ2 cos ∆α (A.1)
where x is the length in degrees of the angular separation, δ1 and δ2 are the declination
values of the points and ∆α is the right ascension distance between the two points in
degrees (∆α = α1 − α2). The rectangle is divided diagonally into two triangles, like in
Figure A.1, to get the size of this two areas by trigonometry. Therefore the distance
between the lower left point to the upper right point is also needed.
a
b
c
β
αγ
Figure A.1: A rectangle, like the science field, divided into two triangles.
The area of one triangle could be calculated by
A
2
=
a2
2
sinβ sin γ
sinα
(A.2)
or by
A
2
=
ab sin γ
2
. (A.3)
With the distances between the points I finally got an area of about A ≈ 36.75 deg2.
The size of the control field is slightly different with ACF ≈ 37.1 deg2 calculated using
the equatorial coordinates of the vertices or ACF ≈ 36.5 deg2 calculated with galactic
coordinates. This difference of the CF values can be explained by the location of the
CF and how it was selected. Because by defining a rectangle with DS9 around OrionA
and shifting it without rotation to another galactic longitude the spherical shape of the
coordinate systems influences the results differently. This effect is not so critical for OrionA
because the defined rectangle is parallel to the galactic plane.
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Appendix B
Extinction law
To consider the extinction law is important when looking at the different diagrams. It
helps understanding why stars are scattered a certain way. There is no published literature
concerning the extinction law for the WISE bands. But in cooperation with my colleague
Joana Ascenso we already started to derive the extinction laws for the four WISE bands
which would be published in the future.
The color excess could be written as
E([λ1]− [λ2]) = ([λ2]− [λ2])obs − ([λ1]− [λ2])int (B.1)
or
E([λ1]− [λ2]) = A[λ1] −A[λ2] =
A[λ1]
AKS
− A[λ2]
AKS
(B.2)
whereby Aλ is the total extinction for a certain wavelength, ([λ1]− [λ2])obs are the
observed colors of the science field sources and ([λ1]− [λ2])int is the intrinsic color which
could be derived from the Median of ([λ1]− [λ2]) of the control field. In Table B.1 I list
some intrinsic color excesses for some different colors composed of 2MASS and WISE
photometry. This colors should theoretically be unaffected by extinction. In equation B.2
the total extinction relative to AKS is given because this thesis uses this relations.
Table B.1: Values of the intrinsic color excess derived from the control field by taking the Median of
([λ1]− [λ2]) and its standard deviation.
Intrinsic Color-Excess sigma
(J −H)int 0.402 ±0.152
(J −KS)int 0.474 ±0.202
(H −KS)int 0.096 ±0.100
(KS −W1)int 0.055 ±0.094
(W1−W2)int 0.049 ±0.273
From Indebetouw et al. (2005) I got the absolute extinctions relative to the KS-band for
J and H with
AJ/AKS = (2.50± 0.15),
AH/AKS = (1.55± 0.08).
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So AKS could be derived as follows:
E(H −KS) = AH −AKS = (1.55− 1) ·AKS
⇒ AKS =
1
0.55
· E(H −KS)
⇒ AKS = 1.81818 · E(H −KS)
(B.3)
The absolute extinction A[λ]/AKS for the four WISE bands are derived by courtesy of
Joana Ascenso as follows:
W1: A[3.4]/AKS ' 0.739
W2: A[4.6]/AKS ' 0.534
W3: A[12]/AKS ' 0.560
W4: A[22]/AKS ' 0.255
The distribution of extinction for the WISE bands is shown in Fig. B.1.
Figure B.1: Distribution of extinction for W1, 2, 3 and 4 relative to AKS .
For the total extinction at 24 µm (MIPS M1) I used the reddening law from Flaherty
et al. (2007) who derived a value of
M1: A[24]/AKS = (0.44± 0.02)
using the reflection nebulae NGC 2068/71 which lie also in the Orion constellation at
(l, b) ≈ (205.2,−14.2)◦.
The size of the interstellar dust can be estimated by the extinction factor RV . It can be
used to de-redden stars and to determine photometric distances (Morales Durán et al.
(2006)). The mean extinction law depends on one parameter, which is
RV =
AV
E(B − V ) (B.4)
with RV = 3.1 for a diffuse interstellar medium (Cardelli et al. (1989)). This value could
vary individually depending on the line of sight which affects more wavelengths smaller
0.16 µm. Therefore the infrared range is less affected by these variations.
Appendix C
2MASS JHKs Color-Color Diagram
The JHK color-color diagram is well known and studied. In this thesis I use it to investigate
the YSO candidate sample and see how science and control field sources behave in this
color spaces. In my case I will use the JHKs 2MASS bands.
The main-sequence and giant branch are already derived previously. I took the branches
from Bessell & Brett (1988) which are for the normal JHK bands and transformed their
colors to those of 2MASS. The color transformations for 2MASS is given by Carpenter
(2001) as follows:
(J −H)2MASS = (0.980± 0.009)(J −H)BB + (−0.045± 0.006) (C.1)
(H −KS)2MASS = (0.996± 0.019)(H −K)BB + (0.028± 0.005) (C.2)
The extinction law is from Indebetouw et al. (2005) as described in Appendix B. In Lada
& Adams (1992) they discuss the properties of JHK color-color diagrams and in Straizys &
Laugalys (2009) it is the same for the 2MASS bands JHKS . 2MASS data is also discussed
previously in Carpenter (2000, 2001).
Figure C.1 shows the JHKS CC diagrams for both the control and the science field
with different errors, first for errors < 0.1 mag in the upper panels and then for errors
< 0.05 mag. I over-plotted the main-sequence and giant branches (orange lines) and the
reddening band (red lines). The reddening band should give the visual extinction of stars
with normal stellar atmospheres and it is parallel to the reddening vector AKS . Sources
right to this band have intrinsic infrared excess emission. The upper most stars on the
right side are supposed to be Class I sources with large values of extinction which means
they are enveloped by a dense circumstellar disc of gas and dust but their location is also
depending on the angle of the disk.
The scattered sources around the “bulge” in the upper panels with errors up to 0.1 mag,
that appear in both, science and control field, are still mostly photometric errors. It is clear
by looking at the lower panels with the error cut at 0.05 mag where the “bulge” structure
almost disappears and the structure of the main-sequence can be recognized more clearly.
The 2MASS JHKs CC diagram of the science field shows the typical pattern of a region
with reddened embedded stars and background objects. Whereby one can see an almost
clear cut at (J −H) = 1 for the control field where no star forming regions are detected,
according to the extinction map by Lombardi et al. (2011).
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Figure C.1: Color-color diagram of the 2MASS bands J, H and Ks for the CF (left) and OrionA (right).
The main-sequence and the giant branches (solid lines) and the reddening band (grey dashed lines) are
over-plotted. The reddening vector AV is shown with a length = 10 mag extinction. The upper two panels
are with errors lower 0.10 mag and the lower two with 0.05 mag, this way the main sequence and giant
branches are more highlighted, especially for the CF (bottom left).
Appendix D
Tables
The tables with the results, discussed previously in this thesis in Chapter 5, are presented.
In Table D.1 starting on page 86 the new YSO candidates are listed which are not SIMBAD
cataloged and in Table D.2 starting on page 99 shows the selected candidates which have
already a cataloged entry in SIMBAD.
Table D.1 with the new YSO candidates gives in the first two columns the WISE ID,
the extinction AKS as calculated by Lombardi et al. (2011) using the NICEST technique
to create their extinction map. Right-Ascension and Declination are given in J2000 in de-
grees. The next eight columns are the WISE photometries with in magnitudes with their
errors, and subsequently the Spitzer MIPS1 photometry with its error. The last three
columns give some extra information: 1) “nb” gives if a source was fitted simultaneously
with another source by lying close together where I included sources in this first table
which could be fitted simultaneously up to two times. “cc” stands for the contamination
and confusion flag whereby very spurious sources are already almost eliminated. The four
given letters (or 0) stands for one of the four WISE bands respectively. The small letters
tell that the source might be contaminated by being close to some artifact like from an
halo (h), a diffraction spike (d), persistence (p) or an optical ghost (o) and 0 indicates
no contamination. There are still capital letters for single bands which indicate spurious
sources, because by selecting from different CC diagrams including either the bands W1,
W2, W3 or W4, the spurious flags and errors are cut only for the bands used for a cur-
rent plot. Because W1 and W2 are used in all CC diagrams only W3 and W4 still show
some spurious cc_flags. Finally “ext” stands for extension flag which could be 0 or 1. It
indicates if the morphology of a source is consistent with the WISE point spread function
in any band, or if the source is associated with or superimposed on a previously known
extended source (using the 2MASS Extended Source Catalog - XSC). Sources with values
greater 0 should therefore be handled carefully and one should examine the large aperture
photometry.
The second Table D.2 gives the same photometric bands as the first but the last three
columns are not presented. Additionally the Main-ID and the object type (OTYPE) as
given by SIMBAD are listed, and the distance from the WISE source to the matching
SIMBAD source in arc-seconds is given.
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Zusammenfassung
Die Große Molekülwolke OrionA ist die uns am nächsten liegende Sternentstehungsre-
gion, mit einer Entfernung von etwa 400 Parsec zur Erde, in der nach wie vor massearme
sowie massereiche Sterne entstehen, wobei eine große Population von jungen Sternen und
Proto-Sternen bereits entdeckt wurde, sogenannte “Young Stellar Objects” (YSOs). In
OrionA befinden sich der berühmte Orion Nebel (M42) der einen offen Sternhaufen be-
herbergt und die Sternentstehungsregion Lynds 1641 (L1641), die den dunklen Teil der
Wolke bildet. Die Region um den Orion Nebel zählt zu den bestuntersuchten und gehört
zum riesigen Orion Komplex, der im Gesamten aus mehreren Molekülwolken und Ster-
nentstehungsgebieten besteht und aufgrund der Nähe ist es eine bevorzugte Region, um das
Wissen über die Entstehung von Sternen und Sternhaufen zu ergründen. Junge Sterne sind
meist von scheibenförmigen Hüllen aus Staub und Gas umgeben, wodurch sie besonders im
Infrarot-Bereich messbar sind. Diese Messbarkeit ist erklärbar durch die Absorption des
optischen Lichtes des Sternes, verursacht durch den Staub in der protoplanetaren Scheibe,
welcher das Licht im Infraroten re-emittiert.
Mit dieser Arbeit möchte ich einerseits zur Vollständigkeit der entdeckten jungen stel-
laren Objekte in OrionA beitragen und somit bisher unbekannte YSOs definieren, ander-
erseits liegt der Fokus meiner Arbeit auch darauf, die räumliche Verteilung dieser Sterne,
auch in der umliegenden Region, zu untersuchen. Dazu habe ich mit Hilfe der vorläufigen
Veröffentlichung der Infrarot-Daten von WISE (Wide-field Infrared Survey Explorer) ein
Gebiet um OrionA im Ausmaß von ∼36.7 deg2 und ein Vergleichsfeld derselben Größe,
welches auf derselben Galaktischen Breite liegt, ausgewählt, was erstmals möglich ist in
diesem Infrarot-Bereich von 3 bis 22 µm in dieser Auflösung. Die vorläufig veröffentlichten
Daten von WISE vom 14. April 2011 decken bereits die OrionA Region und mein Ver-
gleichsfeld ab. Mithilfe von Farben-Farben Diagrammen und unter Berücksichtigung des
Vergleichsfeldes als Referenz, mit dem die Hintergrundpopulation auf diesen galaktischen
Breiten besser verstanden werden kann, habe ich schließlich eine Auswahl an möglichen jun-
gen stellaren Objekten getroffen. Zudem wurden auch zusätzliche photometrische Daten
von 2MASS und Spitzer MIPS1 bei 24 µm verwendet um die YSOs besser identifizieren zu
können. Schließlich habe ich 1687 YSO-Kandidaten ausgewählt, wovon 686 noch nicht in
der astronomischen online Datenbank SIMBAD katalogisiert waren. Auch eine bedeutende
Anzahl von bereits klassifizierten Objekten könnte noch zu den jungen stellaren Objekten
in OrionA hinzugefügt werden.
Der von mir erstellte Katalog der neuen YSO-Kandidaten soll einen Beitrag zur ak-
tuellen Forschung über Sternentstehung leisten, im Besonderen für diese wichtige Region.
In Zukunft wäre es notwendig einige der gefundenen Kandidaten zu bestätigen, 1) durch
das Erstellen von Spektralen-Energieverteiungskurven, 2) durch die Aufnahmen von Spek-
tren um die Spektraklassen zu bestimmen und 3) durch das Beziehen von hochaufgelösten
Spektren für Radialgeschwindigkeitsmessungen einiger hellerer Kandidaten. Der letzte
Punkt könnte wichtige Informationen liefern über frühe dynamische Prozesse der jungen
Sternpopulation in Orion A.
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